A Small-Scale Plant: Costs of Making Fuel Alcohol by Hoffman, R. & Dobbs, T. L.
South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange
Bulletins South Dakota State University AgriculturalExperiment Station
9-1-1982
A Small-Scale Plant: Costs of Making Fuel Alcohol
R. Hoffman
T. L. Dobbs
Follow this and additional works at: http://openprairie.sdstate.edu/agexperimentsta_bulletins
This Bulletin is brought to you for free and open access by the South Dakota State University Agricultural Experiment Station at Open PRAIRIE: Open
Public Research Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Bulletins by an authorized
administrator of Open PRAIRIE: Open Public Research Access Institutional Repository and Information Exchange. For more information, please
contact michael.biondo@sdstate.edu.
Recommended Citation
Hoffman, R. and Dobbs, T. L., "A Small-Scale Plant: Costs of Making Fuel Alcohol" (1982). Bulletins. Paper 691.
http://openprairie.sdstate.edu/agexperimentsta_bulletins/691
8 686 
September 1982 
· -
Contents 
Pref ace . 
Summary 
Costs of alcohol production 
in plant A . . . . . . .  . 
Costs of alcohol production 
in plant B . . . . . . .  . 
Sensitivity analyses, plant B. 
Conclusions. 
Introduction . .  
Description of plant A . 
Description of plant B . 
Costs for each plant in baseline 
analyses . • • . . • 
Capital and other fixed costs. 
Operating costs . . . .  
Feed byproduct credit. 
Total and net costs . .  
Sensitivity analyses . .  
3 
4 
4 
5 
6 
7 
9 
. 10 
. 11 
• 12 
2 
3 
6 
8 
12 
Alcohol yield. 
Corn price . .  
Interest rate. 
• • 13 
• 13 
• • • • 14 
Feed byproduct credit. 
References. 
Tables. 
Annexes 
A. Capital and other fixed 
cost estimates . .  
B. Operating cost estimates • . .  
C. Alcohol production estimates. 
D. Byproduct quantity estimates. 
E. Byproduct value estimates 
F. Metric measurement 
conversions . . . . • . • 
• 14 
15 
16-21 
22-39 
• 22 
• 27 
• 31 
• 35 
• 36 
39 
Pref ace 
This publ icat ion on fuel alcohol 
produc t ion c o s t s  i s  based upon research 
conduc ted at South Dako ta State Un iver­
s i ty ( SDSU) during 1981 and 1982 . Wher­
ever p o s s ible , co s t  e s t imates were based 
upon data from exp eriment s conduc ted 
during 1981 with SDSU's p ilo t fuel al­
cohol p lant . This publ icat ion supplant s 
an earl ier SDSU report by Hutchinson and 
Dobb s (Preliminary Cost E s t ima tes-­
Produc ing Alcohol Fuel from � Small Scale 
P lant , SDSU Agricultural Exper iment 
S tat ion C ircular 233, Decemb er 198 0 ) , 
which contained cost e s t imates ba sed in 
part upon experiment s  with an earl ier 
vers ion o f  the SDSU p ilo t p lant . 
The economic analy s is reported 
herein const itutes  part of a larger , 
interdisciplinary fuel alcohol s tudy 
invo lving SDSU research p ersonnel in the 
Department s o f  Economics , Microb io logy , 
Agr icultural Eng ineer ing , Mechan ical 
Eng ineering , and Dairy Sc ience. We wish 
to  acknowledge the following researchers 
who provided data and advice for the cost 
analysis work : Carl We stby and Bill 
Gibbons , Microbiology Department ; Tom 
Chisholm and Scott  Stamp e , formerly in 
the Agr icultural Engineering Depar tment ; 
Andrew Clark , Dairy Sc ience Department ; 
and Ardel le Lundeen , Economic s Depart­
ment . 
Research funds for this study were 
received from the South Dako ta Agr icul­
tural Experiment S tat ion and from USDA 
Spec ial Res earch Grant no . 5 9-24 61-0-2-
09 9-0 . 
Published in accordance with an Act passed in 1881 by 
the 14th Legislative Assembly, Dakota Territory, 
establishing the Dakota Agricultural College and with 
the Act of re-organization passed in 1887 by the 17th 
Legislative Assembly, which established the Agricul­
tural Experiment Station at South Dakota State Uni­
versity. File: 5.4-7 or 6.3-2--2M--9-82mb--AX 004 
Reference to products is not intended to be an endorsement to the exclusion of 
others which may be similar. Persons using such products assume responsibility 
for their use in accordance with current directions of the manufacturer. 
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A Small-Scale Plant: 
Costs of Making Fuel Alcohol 
Randy Ho f fman , 
Research Associate 
Sunnnary 
This bullet in const itutes  a report 
on the costs o f  produc ing fuel alcohol in 
small- or connnunity-scale alcohol plan t s . 
The basis for this analysis  is a p ilot 
fuel alcohol p lant built on the South 
Dako ta S tate Univers ity ( SDSU) campus .  
Da ta taken and adapted from the operat ion 
of this p ilot p lant were used to est imat e  
the cap ital and operat ing cost s presented 
here in . 
Co s t s  were e s t imated fo r fuel 
alcohol p lant s  of two diff erent sizes . 
The f irs t , called plant A ,  would b e  
capable of produc ing 48,8 6 3  gallons of 
dena tured 18 5 proof al cohol and 378 tons 
of dis t illers wet gra in (DWG) as a feed 
byproduc t annually. The other plant , 
plant B ,  could theoret ically produce 
17 5,074 gallons of denatured 185 proof 
alcohol and 1,3 5 6  tons o f  DWG per year . 
E s t imat ing co s t s  of alcohol pro­
duct ion in plant s A and B required 
assump t ions about four princ ipal fac tors . 
The four fac tors are the following : 
( 1) alcohol yield per bushel o f  
corn--as sumed to be 2 . 6  gallons 
o f  alcohol p er bushel of corn 
in the ba seline ca se ; 
( 2 )  the price o f  corn--set at  $2 . 5 0 
per bushel in the ba seline 
cas e ; 
( 3 )  the annual interes t  rate at 
which the co st o f  cap ital 
equipment is amo r t ized--as sumed 
and Thomas L. Dobb s , 
Pro fes sor , 
Economic s  Department 
to be 15% in the baseline case ; 
and 
( 4 )  the value o f  the feed bypro­
duc t--for the ba seline case , 
set at $3 9 p er ton , the average 
value based on dairy heifer and 
cow f eeding trials at SDSU . 
The s ensi t ivity of alcoho l pro­
duc t ion co s t s  to each o f  these a ssump­
t ions was later analyzed by varying the 
level of each fac tor while holding the 
other three constant . Co s t s  result ing 
from these changes were then compared to 
costs  in the baseline case . 
Co s t s  of alcohol p roduct ion in p lant A 
P lant A could theoret ically produce 
about 49,000 gallons o f  dena tured 18 5 
proof alcoho l annually . Construct ion of 
p lant A requires an ini t ial cap ital 
inves tment of $15 9,7 5 0 .  When the co st s 
o f  cap ital items are amort ized over their 
var ied useful l ive s at 15% int erest ,  
annual cap ital and other fixed c o s t s  
total $4 2,251, or approximately $ . 8 6 p er 
gallon o f  denatured alcoho l . (Hereafter , 
unless s tated otherwis e , co s t s  p er gallon 
f igures will ref er to denatured 185 
proo f alcohol . )  Some of the mor e  ex­
p ensive f ixed co s t  items are the c entri­
fuge , property taxes , maintenanc e ,  the 
s t eam bo iler , the dist illat ion column , 
insurance ,  and the skid-s teer loader . 
Operat ing co s t s  o f  p lant A are 
$103,8 34 annually . This is  equal to 
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about $2 . 13 p er gallon o f  185 p roo f 
alcoho l  produced . Corn and labor co st s 
account for $1 . 71 o f  tha t  total . 
Tot al annual co s t s  for p lant A 
alcohol p roduc t ion are $14 6,08 5, or about 
$2 . 99 p er gallon . Subtract ing the f eed 
byproduct credit of $ . 3 0  p er gallon 
leaves a net c o s t  of $2 . 69 p er gallon . 
Co s t s  of alcoho l  p roduct ion in plant B 
P lant B ' s  t heoret ical alcohol pro­
duc t ion capac ity , about 175,000 denatured 
gallons , is  approximately three and one 
half t imes that of plant A .  The greater 
produc t ion , relat ive to p lant A, i s  made 
po s s ible by expanding f ennentat ion 
capacity and by making more inten s ive use 
o f  t he o ther cap ital equipment . 
The ini t ial investment cost o f  
cap i tal equ ipment in plant B i s  $186,5 00 . 
On an annual basi s , f ixed co s t s  amount to 
$58,443, or approximat ely $ . 33 p er gallon 
of alcoho l . Some of the largest f ixed 
cost  i t ems are insurance , maintenance , 
the centrifuge , proper ty taxes ,  and the 
s t eam bo iler . 
Annual operat ing c o s t s  of plant B 
equal $3 06,73 0, or about $1 . 75 p er 
gallon o f  alcohol produced . As with 
p lant A,  corn and labor co st s make up a 
large proportion of to tal operat ing 
cost s . Corn c o s t s  $ . 92 per gallon o f  
alcohol , while labor costs  equal $ . 4 5 per 
gallon . 
Add it ion o f  op era t ing and f ixed 
co s t s  r esult s in annual to tal co s t s  of 
$3 6 5,173 for p lant B .  This is  equal to 
nearly $2 . 09 p er gallon of alcohol pro­
duced . Af ter sub trac t ing a l i ttle  more 
than $ . 30 for the feed bypro duct value , 
the net p er gallon co s t  o f  185 proof 
alcoho l  from plant B is approximately 
$1 . 78 . 
S ensi t ivity analyses , plant B 
The s en s i t ivity o f  co s t s  o f  alcohol 
product ion in plant B to varying alcohol 
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yield s , corn prices , interest rates , and 
f eed byproduc t  values wa s analyzed . 
The f irst  analysis invo lved varying 
the alcoho l  yield while ho lding all other 
factors cons tant . In the baseline cas e ,  
an alcohol yield o f  2 . 6  gallons o f  185 
proof alcoho l  per bushel of corn was 
a s sumed . With that as sump t ion , the net 
co s t  p er gallon of alcohol was $1 . 7 8 .  
When the alcohol yield was dropped to 2 . 3 
gallons p er bushel o f  corn , the net cost 
per denatured gallon ro s e  to $2 . 01 .  With 
an even lower alcoho l  yield of only 2 . 0 
gallons per bushel o f  corn , net cost s 
rose to $2 . 3 0 .  
The basel ine case involved an as sumed 
corn price of $2 . 50 p er bushel . At that 
pric e ,  the net co s t  per gallon of de­
natured alcohol in p lant B was $1 . 78 .  I f  
the price of corn were dropped t o  $2 . 00 
p er bushel , the re sul t would be a lowering 
of net cos t s  to $1 . 5 9 per gallon . On the 
o ther hand , if  the price of corn were 
raised to $3 . 00 per bushel , p lant B ' s per 
gallon c o s t s  would increase to $1 . 97 .  
Int erest rates  reflect the returns 
needed to cover annual charges on borrowed 
capital and a return on equity cap ital. 
Cap ital for both equipment and operat ing 
co s t s  are included . In the ba seline 
case , a 15% int eres t  rate is used in 
amortiz ing equipment co s t s  and "paying 
for" cap ital t ied up for opera t ing co s t s .  
In p lant B ,  this resul t s  in a net to tal 
co st o f  $1 . 78 per gallon of alcoho l ,  as 
already ment ioned . By lower ing the 
interest rate to 1 0%, this p er gallon 
cost  can be lowered to  $1 . 72 .  Ra ising 
the interest  rate to 2 0% and 3 0% causes 
the co st per gallon to  rise to $1 . 85 and 
$1 . 98, respec t ively . 
The f inal s ens i t ivity analys i s  
invo lved varying the value o f  the feed 
byproduc t ,  based upon dif ferent as sumed 
dairy rat ion use s . The ba sel ine case 
invo lved a DWG value equal to the average 
value of DWG used in cow and heifer 
rat ions . This value was $3 9 p er ton , 
which implies  about a $ . 3 0 credit for 
each gallon o f  alcohol p roduced in p lant 
B .  I f  the DWG were used solely in dairy 
cow rat ions , i t s  value would be equal to 
only $30 p er ton , which conver t s  to about 
a $ . 23 credit per gallon o f  alcohol 
produced. However , use of DWG in dairy 
heif er rations allows for a $48 per ton 
valuation or a $ . 3 7 credit p er gallon of 
alcoho l  for DWG sales. 
Conc lusions 
If an individual or a cooperative 
group possesses an alcohol p lant similar 
in construc tion to p lant A in this 
analysis , the nec es sary capital expansion 
should probably be undertaken to enabl e  
capacity to increase to  a t  least that o f  
plant B .  
Even though this will cause an 
increase in to tal annual cos t s , the cost 
p er gallon of alcohol produc ed can be 
exp ected to decrease. Assuming that 
there is a market for all of the 185 
proo f alcohol produced , the lower per 
gallon cos t s  associated with p lant B will 
enhanc e the po ssibility of such a plant 
being economically feasibl e. 
I f  the as sump tions stated for the 
baseline case in this analysis hold true , 
then the alcohol produced in p lant B mus t  
be valued o r  s o l d  at  approximately $1 . 7 8  
p er gallon for the ent erprise t o  break 
even economically. That price assumes 
that a $ . 3 0 per ga llon credit for sale of 
the feed byproduc t has already b een buil t 
into net co s t  calculations for the p lant . 
The pos sibility o f  significantly 
lowering p er gallon co s t s  o f  alcohol from 
p lant B by further expanding outpu t is 
no t good. 
Approximately 84% o f  the to tal per 
gallon c o s t  (before figuring in the 
byproduc t credi t )  of alcohol p roduced in 
p lant B is made up of operating co st s .  
The ra tio o f  variable input s  t o  alcohol 
output is roughly constant , with the 
exception of labor input s. Henc e ,  p er 
gallon op era ting co s t s  will no t change 
grea t ly with change s  in annual alcohol 
output--at least  for so-called small- or 
connnunity-scale p lant s. Al so , to  in­
crea se alcohol output above that o f  plant 
B would require a large investment in new 
capital equipment ( e.g. , a larger d i s­
t illation unit ) which might or might not 
reduce the fixed co s t s  p er gallon associa­
ted with small-scale fuel alcoho l  pro­
duc tion . Even if per gallon f ixed c o s t s  
were reduced by this expansion , the 
reduc tion would probably not be greater 
than $ . 1·0 to $ . 15 per gallon , since the 
to tal fixed c o s t s  in p lant B for the 
baseline case are only $ . 33 p er gallon . 
The co s t s  o f  producing alcohol in 
p lant B are sensitive to several fac tor s , 
but seem to b e  mo s t  sensit ive to the 
alcoho l  yield p er bushel o f  corn and the 
price of corn . A drop in alcoho l  yield 
from 2 . 6 gallons o f  18 5 proof to 2 . 0 
gallons result s  in a $ . 52 p er gallon 
increase in annual co st . A rise in the 
price o f  corn f rom $2 . 00 p er bushel to 
$3 . 00 per bushel will cause a $ . 38 ris e  
in t h e  p er gallon co s t  o f  producing 
alcohol in p lant B. 
Marketing of 185 proof alcohol and 
DWG may be a significant p roblem for 
small-scale p lant s. First of all ,  there 
will be co s t s  for transportation , which 
were no t included in this report . 
Second , it may be too optimistic to as sume 
that a suf ficient number o f  lo cal farmers 
can be p er suaded to use the 185 proo f 
alcohol--given the limitations , cost s ,  
and inconveniences in conver ting existing 
farm vehicles and mo torized equipment to 
utilize hydrous ( "wet" ) alcohol . 
Als o , at  the current prices of 
petroleum based fuels , the near-term 
pro f i t  prospec t s  for 185 proof alcohol 
from small- or community-scale p lant s  
involving c o s t s  l ike tho se found i n  this 
s tudy do no t look good . A sub s equent 
SDSU Agricultural Experiment S tation 
bulletin (now b e ing prepared) will 
contain an examination o f  po tential fuel 
alcohol use . Cos t s  contained in the 
pres ent bulletin will be compared in 
that sub sequent report with potent ial 
returns from both fuel and feed by­
product use , in an attemp t to assess 
overall economic feasib ility . 
From a co s t  minimization standpoint , 
it makes sense for so-called " community­
scale p lant s" to be as large as available 
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techno logy, cap ital, and management 
capac ity permit . With larger dist il­
lat ion uni t s  and greater f ermentat ion 
capac ity, coIIllilunity-scale p lant s might 
well be s t r iving for an annual output of 
5 00,000 to 1,000,000 gallons . However, 
the larger the p lant, the more crit ical 
it becomes--from a fuel market ing stand­
po int--to achieve produc t ion of anhydrous 
(water free) alcohol . It mu st be kep t 
in mind that p rocedures and cost s pre­
sented in this r eport are for fuel 
alcohol that is only 185 proof, no t for 
alcohol that is  water free . 
Introduct ion 
The f easibility of produc ing fuel 
alcohol from grain has rece ived much 
attent ion in the Midwest and Plains 
s tates over the las t  f ew year s . As a 
result, several s tud ie s o f  the economic 
f ea s ib ility of large-scale fuel alcohol 
plant s were conduc ted in the late 197 0 ' s . 
These s tud ies have helped to  f ill infor­
mat ion vo ids faced by univers ity and 
government economist s asked to provide 
f ea s ib il ity and pub l ic policy informat ion 
on fuel alcoho l produc t ion . 
L it t l e  research has been conduc ted, 
however, on the economic f ea s ib ility o f  
" small- or community-scale" fuel alcohol 
plant s where p roduct ion machinery is 
ac tually available and in op erat ion . 
This t yp e  o f  facility has been the center 
o f  mult i-disc ip l inary research at South 
Dako ta S tate Univers ity ( SDSU) and has 
served as the "p ilot p lant" from which 
this report's co s t  analysis  ha s been 
derived . 
Two earlier c o s t  s tudies1 wer e based 
part ially on data gathered from the SDSU 
fuel alcohol p lant . Although the da ta 
were s t ill very preliminary, tho se 
s tudies helped to provide a framework for 
the co s t  analysis presented here . The 
1 
present co st analysis  is more "f inal" in 
the sense that numerous exper imental runs 
have been mad e  sub sequent to var ious 
plant expans ions and modif icat ions . 
The economic analys is presented in 
this report deal s only with the cost s of 
produc ing fuel alcohol . An overall 
f easib il ity analys is--incorporating 
transportat ion cost s for the market ing of 
output s and revenue e s t ima tes from the 
sale of output s--wil l  be covered in a 
sub sequent SDSU Agricultural Exp er iment 
S tat ion bullet in, now in preparat ion . 
The present report cover s cost s for two 
p lant s  which, for purposes of easy 
ident if icat ion, are called ( 1 )  the p ilot 
p lant, p lant A, and (2) the cooperat ive 
size p lant, plant B. 
Descrip t ion of p lant A 
P lant A ' s phys ical fac il it ies and 
operat ional struc ture are very s im ilar to 
the experimental fac il ity which presently 
exi s t s  at  SDSU . The major physical 
component s o f  this p lant are (1) grain 
s torage and hand ling sys tem, (2) f ermenta­
t ion/ cook tanks, ( 3 )  d i s t illa t ion 
column, ( 4 )  centrifuge, and ( 5 )  alcoho l 
storage . 
See  the publ icat ions by Hutchinson and Dobbs and by Dobbs, Hoffman, and 
Lundeen in the list  of "Refer ences" . 
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The alcoho l product ion syst em o f  
this type a t  SDSU produced alcohol of 
approximat ely 185 proof in 1981 . The 
amount of alcoho l produced annually by 
plant A is dependent on two things ; these 
are (1) the amount of  alcohol extract ed 
from each bushel of corn and (2) the 
physical limits of the plant in terms of 
ferment at ion and distillat ion capacity . 
The bo ttleneck in physical pro­
duct ion facili t ies in plant A is f ermen­
tat ion capacity . Plant A ' s  fermentat ion 
tanks hold a total volume of 4,085 
gal lons of mash . Even with the f er­
mentat ion tanks b e ing cont inuously 
reloaded in staggered fashion, only 2 . 5 
batches could be f ermented in a week ' s  
t ime . This would no t keep the dist illa­
t ion column running full t ime at its 
est imat ed capacity of 22 gallons o f  185 
proof alcohol per hour . Thus, there is 
underut ilizat ion of the dist illat ion 
column . 
The o ther factor limit ing the amount 
of alcohol produced is the yield per 
bushel of corn . Data obta ined from 1981 
SDSU experimental operat ions and t ech­
nical judgments of research personnel in 
charge of the SDSU plant were drawn on in 
establishing yield assumpt ions . I t  is 
assumed poss ible to obta in 2 . 6 gallons of 
185  proof alcohol from each bushel of 
corn run through the product ion process . 
Given these limitat ions in f ermenta t ion 
capacity and alcohol yield, it was es­
t ima ted that plant A could produce 48,863 
gallons of denatured 185 proof alcohol on 
an annual basis . 2 
One of the byproducts of alcohol 
product ion is whole st illage . Whole 
st illage is about 92% water . When run 
through a centrifuge, the mo isture 
content can be r educed to approximately 
70%, result ing in a product called 
dist illers wet grain (DWG) . DWG, rela­
t ively high in crude pro t e in content, is 
2 
considered a po t ent ial replacement for 
soybean meal in many dairy and beef 
cat t l e  rat ions . 
P lant A is equipped with a cen­
tr ifug e  that enabl es the product ion of 
70% mo isture DWG . Data from 1981  ex­
per imental operat ions at SDSU were 
reviewed in establ ishing DWG yields . DWG 
output is est imated to be  approximat ely 
42 . 4  pounds for each bushel o f  corn used 
in the product ion of fuel alcoho l .  For 
plant A, this amounts to 3 7 8  t ons of DWG 
produced annually . 3 
Even though plant A ' s  alcohol output 
is relat ively small, i t  is more than a 
" one man" operat ion . For purposes o f  
this study, the following assumpt ions are 
made . P lant A is run as a cooperat ive, 
with the output b e ing sold to e ither 
members or non-members . Management 
personnel and t echnical/processing labor 
are hired to perform all funct ions in 
plant A during its 45 weeks of annual 
operat ion . The plant does not operate 
for 7 weeks of the year, due t o  downt ime 
for maintenance, repa irs, holidays, etc . 
Descript ion of plant B 
The principal difference between 
plant A and hypo thet ical plant B is that 
plant B has suff icient f ermentat ion 
capacity to keep the distillat ion column 
constantly operating at  full capacity . 
The following assumpt ions are made . 
Plan t B ' s  fermentat ion capacity is 
20,900 gallons o f  mash, compared to only 
4,08 5 gallons for plant A .  There is some 
addit ional physical expansion in building 
size, grain storag e, and alcohol storage-­
over and above that ex ist ing for plant A .  
Some o ther components o f  plant B, though 
no t physically different from those in 
plant A, are u t ilized more int ensively . 
For more deta ils concerning the assumpt ions used in est imat ing the annual 
alcoho l output of plant A, see Annex C .  
3 
Fo r more de ta ils concerning the assumpt ions used in est imat ing the annual 
DWG output of plant A, see Annex D .  
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As in the case o f  plant A, plant B 
is assumed capable o f  producing 2 . 6  
gallons o f  185  proo f  alcohol per bushel 
o f  corn . S ince f ermentat ion capacity 
is greater, the limit ing factor in annual 
alcohol product ion for plant B is the 
dist illat ion column, which can dist ill 
at the rate o f  approximat ely 2 2  gallons 
of 185  ·proo f  alcohol per hour . G iven 
that dist illat ion rate and the assumpt ion 
that plant B operates 4 5  weeks annually, 
total annual alcohol output capacity is 
est imat ed to be 1 6 6,3 2 0  gallons . When 
denaturant is added, annual alcohol fuel 
capacity o f  plant B totals 175,074 
gallons . 4 
DWG is produced at the same rat e  in 
plant B as in plant A ;  for every bushel 
of corn used to produce alcohol, 4 2 . 4  
pounds o f  7 0% moisture DWG are also 
produced . This results in an annual DWG 
output o f  approximately 1,3 5 6  tons . 5 
More managerial and t echnical/pro­
cessing labor is assumed necessary for 
operat ion o f  plant B than for plant A . 6 
L ike plant A, plant B is assumed to 
operat e  4 5  weeks per year, leaving 7 
weeks for downtime . 
Costs for Each Plant in 
Baseline Analyses 
Costs o f  producing 185  proof  alcohol 
with plant A are shown in Table l ;  those 
for plant B are shown in Table 2 .  Both 
See pages 16-19 
for Tables 1 & 2 
tables are broken 
down int o  the 
following f ive 
parts : ( 1 )  capital 
and o ther f ixed costs ; ( 2 ) operat ing 
cos ts ; ( 3 )  to tal costs ; ( 4 )  credit for 
feed byproduct ; and (5) net costs ( i . e . , 
costs ne t of  the f eed byproduct credi t ) . 
Costs are shown on an annual basis and 
on a per gallon of  denatured 185 proof 
alcohol basis . 
The baseline analysis for plants A 
and B involves four basic �ssumpt ions 
which can signif icantly affect cost 
est imates .  The first assumption has 
already been alluded to--that the yield 
o f  185 proof alcohol is 2 . 6  gallons per 
bushel of corn . Actual alcohol yield in 
cooperat ive plants may vary with t he 
knowledge and abilit ies of  the plant 
operator and with the nature o f  the 
e quipment used . 
A second assumpt ion is that capital 
equipment can be amort iz ed at a 15% 
interest rat e . In pract ice, interest 
rates will vary wi th lending rates for 
borrowed capital and with opportunity 
costs for investor-owned capital .  
The third assumpt ion is that the 
cost of corn to the plant is $ 2 . 50 per 
bushel . Dur ing 1981, the study period, 
corn prices ranged from a lit tle less 
than $3 to slightly more t han $ 2  per 
bushel in South Dako ta . The $ 2 . 50 price 
reflects a rough "mid-po int" . 
F inally, the value of  the feed 
byproduct is assumed to be an average 
value derived for DWG used in lacta t ing 
dairy cow and dairy heifer feeding trials 
at SDSU . DWG will vary in value, depend­
ing on the type o f  rat ion in which it is 
f ed and, hence, what f eeds it subst itutes 
f or . 
All four of  these factors are con­
sidered in the cost sensit ivity analyses . 
4For more details concerning the assumpt ions used in est imat ing the annual 
alcohol output of  plant B, see Annex C .  
5For mor e  details concerning the assumpt ions used in est imat ing the annual 
DWG output of plant B, see Annex D .  
6For a mor e  detailed descr ipt ion o f  the labor requir ements for plants A and 
B, see Annex B .  
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Capital and o t her f ixed costs 
S ect ion I of Table 1 lists the f ixed 
cost components of plant A, which are 
divided into the following three cat e­
gories : ( 1 )  it ems no t likely to be  
available ; (2)  items possibly already 
available among members of a cooperat ive 
group ; and ( 3 )  o ther f ixed costs . 
" I t ems no t likely t o  be ava ilable" 
are physical components of the plant that 
would probably have to be ordered from 
suppliers . " I t ems possibly already 
available among members of a cooperat ive 
group" could already be in t he possession 
of coopera t ive members and, therefore, 
may be ava ilable for plant use at lit tle 
cost . However, this report includes 
these items at full cost . "Other f ixed 
costs" consist of charges for in�urance, 
maint enance, and property taxes . 
As shown in Table 1, to tal capital 
and o t her f ixed costs for plant A amount 
to $ 4 2,251  annually . When divided by 
plant A ' s annual output ( 4 8,8 63 ) ,  this 
comes to $ . 8 6 per gallon of denatured 
alcohol .  
For the physical components o f  plant 
A, annual cost is calculat ed by amor­
t iz ing the original investment cost of 
each item at a rate of 15% over its 
useful life . In the case of "other f ixed 
costs," a set amount must be paid yearly 
for insurance, ma int enance, and property 
taxes . 
The most costly capital and o ther 
f ixed cost i tems in plant A include the 
following : (1) the centrifuge used for  
reducing the mo isture cont ent of  DWG-­
$ . 11/ gallon ; ( 2 )  property taxes--$ . 1 0/ 
7 
gallona (3) maintenance--$ . 1 0/gallon ; (4 ) 
bo iler --$ . 09/gallon ; (5 ) dist illat ion 
co lumn--$ . 08/gallon ; ( 6 )  insurance-­
$ . 07/gallon ; and (7) a skid-steer loader 
for handling the DWG--$ . 06/gallon . These 
seven items comprise more than 70% of the 
per gallon f ixed costs of producing 1 8 5  
proof alcohol i n  plant A .  
S ect ion I of Table 2 lists the fixed 
cost components of plant B .  An aster isk 
marks the items which differ in cost from 
those in plant A .  The only new it em 
shown is additional grain storage, 
included in " it ems possibly already 
available among members of a cooperat ive 
group . "  The o ther asterisked items have 
been altered from those in plant A t o  
reflect either a higher init ial cost (due 
to expansions or addit ions) or a short er9 useful l if e  (due to more int ensive use ) . 
As in plant A, f ixed costs per 
gallon of denatured alcohol in plant B 
were est imat ed by amo r t i z ing the ini t ial 
investment cost of each capital i t em over 
its useful lif e  at a rate of 15% and then 
dividing by the annual alcohol output 
( 175,074 gallons) . 
P er gallon costs of insurance, 
maintenance, and property tax es were 
found by dividing yearly costs by annual 
output . 
Total annual f ixed costs for plant B 
were f ound by sunnning the annual costs 
for each item .  The total equals $ 5 8,44 3 , 
or $ . 3 3  per gallon of denatured alcohol . 
The major items comprising this cost 
to tal are the following : (1) insurance-­
$. 05/gallon ; (2 ) maintenance--$ . 04 /  
gallon ; (3 ) centrifuge--$ . 04 /gallon ; (4 ) 
property ta:xes--$ . 03/gallon ; and (5 ) t he 
For more descr ipt ion of the capital and other f ixed cost items listed in 
Table 1, see Annex A .  
8The bo iler is fueled by coal . Although init ial investment costs for a coal-f ired 
bo iler are higher than for other types, this higher capital cost is more than 
off set by lower operat ing costs, assuming coal can be delivered t o  the plant 
by train or by transport of nearly equivalent cost . 
9For more descript ion of the capital and o ther f ixed cost items list ed in 
Table 2, see Annex A .  
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coal-f ired bo iler--$ . 03 /gallon . These 
f ive i tems make up nearly 60% o f  the 
capital and o ther f ixed co s t s  in p lant B .  
There are obviously some economies 
of s iz e  involved in expanding annual 
alcohol output f rom p lant A ' s 4 8 , 8 63 
gallons t o  p lant B ' s  175 , 074 gallons . 
Even t hough such an expans ion requires an 
increase in to tal annual f ixed cos t s ,  the 
c o s t  increase i s  p roport ionately less 
t han t he increase in annual output . The 
large increase in annual alcohol output 
with a relatively small increase in 
annual fixed co s t s  is  made po s sibl e  by 
-mor e  intense ut ilizat ion of many of t he 
cap ital it ems t hat would have been "under­
utilized" in p lant A. The r e sul t is  a 
$ . 53 p er gallon decrease in annual f ixed 
co s t s  a s  output is expanded f rom the 
level of p lant A to that o f  plant B .  
Op erat ing co s t s  
The var iable input s  r equired for the 
op erat ion of p lant A are listed in 
S ec t ion I I  o f  Table 1 .  Co lumn 2 shows 
the number o f  units of each input needed 
to  produce each gallon o f  non-denatured 
1 8 5  proof alcohol . These operat ing 
coeff icien t s  were e s t imated from ex­
p erimental data taken dur ing the summer 
and fall 1 98 1  operat ion of the fuel 
alcoho l  p lant at SDSu . 10 
Co lumn 6 o f  this sect ion shows the 
t o tal op erat ing cost of produc ing a 
gallon of denatured alcoho l in p lant A ,  
a s  well a s  t he p er gallon co s t  for each 
individual input . The f igures in colmnn 
6 wer e  arrived at by mult iplying the 
number of unit s of each input needed to 
produce a gallon of non-denatured alcohol 
(column 2) by the co s t  p er unit of each 
input (column 3) , result ing in the co st 
o f  each input p er non-denatured gallon of 
alcoho l (column 4 ) . The co s t  p er gallon 
of non-denatured alcohol for each input 
wa s t hen mult ip l ied by the annual non­
denatured alcoho l output of p lant A 
( 4 6 , 420 gallons ) to  f ind the annual co st 
o f  each input ( column 5 ) . The annual 
cost p er gallon of denatur ed alcohol for 
each variable input wa s found by dividing 
the f igures in column 5 by the annual 
denatured output of plant A (48 , 8 63 
gallons ) . 
Annual operat ing co s t s  shown in 
column 5 to tal $ 103,834 for plant A ,  or 
$2 . 12 p er gallon o f  denatured alcohol . 
Two input items account for the vas t  
maj ority o f  to tal operat ing co st s ; the se 
are corn and labor . 
At a price o f  $2 . 5 0 /bushel , t he cost 
of corn equals $ . 92 p er gallon o f  
denatured alcohol . Varying the price o f  
corn s ignif icant ly affec t s  total opera­
t ing co s t s, as i s  shown later in this 
r eport . 
Labor cos t s  add nearly $ . 80 p er 
gallon t o  the co s t  o f  produc ing fuel 
alcohol in p lant A .  The SDSU alcohol 
research t eam agreed that the amount of 
labor as sumed to run the plant in thi s  
analysis is  t h e  minimum amount that could 
handle the operat ion effec t ively . There­
fore , labor co s t s  for a plant of this 
type probably can no t be exp ec ted to be 
less than the amount shown in the table . 
Corn and labor cost s to tal $1 . 71 per 
gallon o f  denatured alcohol , leaving only 
$ . 41 for all other operat ing c o s t s . O f  
t h e  others, interest o n  operat ing cap ital , 
diazyme-100, and denaturant are the 
largest, from a co st standpo int . Their 
respect ive p er gal lon co s t s  are $ . 08 ,  
$ . 07 ,  and $ . 07 .  
The variabl e  input quant it ies and 
cost s  for plant B are shown in Table 2 ,  
Sect ion I I . The input s themselves are 
exac t ly the same as tho se listed for 
p lant A. However, there are a f ew pr ice 
and unit /per gallon dif f erenc e s  for some 
inputs . In the case of labor , t he unit s 
p er gallon o f  denatured alcoho l  are 
lower . Al so , for electricity and wat er , 
lOFor mor e  descrip t ion of the operat ing input s  listed in Tab le 1 ,  see Annex 
B .  
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1· ! 
the average cost per unit differs between 
plant B and plant A . 1 1  
Total annual operating costs in 
plant B are $ 306,730, compared to $ 103 , 834 
in plant A .  The annual operating cost 
per gallon of denatured alcohol for plant 
B is $ 1 . 75 ,  compared to $2 . 12 for plant 
A--a difference of $ . 37 .  
Corn and labor costs are a large 
par t of total operating costs in plant B, 
as they were in plant A .  However, labor 
is only $ . 4 5 per gallon of denatured 
alcohol in plant B, compared to $ . 80 per 
gallon in plant A .  The per gallon cost 
of corn ( $ . 92) is the same in the two 
plants . 
Besides labor, there are other per 
gallon variable input costs that are 
lower in plant B than in plant A .  These 
are electricity (plant A= $ . 028 /gallon 
and plant B = $ . 025 / gallon) , water (plant 
A= $ . 017/gallon and plant B = $ . 0 10/  
gallon) , and int erest on operating 
capital (plant A= $ . 077/gallon and plant 
B = $ . 063/ gallon) . 
The decreases in costs of elect ricity 
and wa ter per gallon of alcohol occur 
because of a declining block rat e charge 
structure for those items . This means 
that, over a certain range, the more 
electricity and wa ter used per month, the 
cheaper each successive unit becomes . 
Int erest on operating capital is 
lower for plant B than for plant A, on a 
per gallon of alcohol produced basis-,-
-
because the increa se in total annual 
operating co s ts (on which int erest is 
charged) is proportionat ely less than the 
incr ea se in annual alcohol output as 
production is expanded from that of plant 
A to that of plant B .  
11 
Feed byproduct credit 
The sale of the f eed byproduc t is an 
important source of revenue for alcohol 
plants . Indeed, many fuel alcohol 
proponents now claim t hat the difference 
between prof it and loss in the fuel 
alcohol business depends upon the suc­
cessful marketing and utilization of t he 
DWG . Although this report deals pri­
marily with co st s involved in fuel 
alcohol production, rather t han revenues, 
a credit for t he sale of DWG has b een 
estimat ed and applied to the co s t  cal­
culations . 
An e s timat e  of the amount of DWG 
produced per bushel of corn used in fuel 
alcohol production was made, using 
experimental data gathered during 1981 
operations of the fuel alcohol plant at 
SDSU . The same amount of DWG per 
bushel of corn was assumed for bo th 
plants . �Based on the bushels of c orn 
that would be used in each plant, the 
yearly amount of DWG produc tion was 
est imated to be ( 1 )  approximat ely 3 7 8  
tons in plant A and (21 approximately 
1,35 6  tons in plant B .  2 
Values of DWG were estimated , using 
data collect ed from feeding trials at 
SDSU with dairy heif ers and cows . The 
DWG was used in experimental rations, 
mainly t o  replace soyb ean meal in the 
control rations ; however , t he DWG did 
also replace small amount s of some other 
ingredients used in both exper imental and 
control rations . There was no significant 
difference between the performance of the 
DWG-f ed animals and the an imals fed 
cont rol rations . Thus, values for t he 
DWG wer e  estimated by determining the 
differences in costs of control and 
experimental rations, with the differ ence 
in each case considered to b e  the value 
of DWG . In the dairy cow trials, this 
For more description of the operating inputs listed in Table 2, see 
Annex B .  
12 For mor e  details concerning the estimation of annual DWG production in 
plants A and B, see Annex D .  
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value was e s t imat ed to be $33 . 5 5 / t on o f  
DWG , while the value of DWG i n  dairy 
heifer f eeding trial s was $53 . 2 5 / ton . 1 3 
For the baseline cases in this 
r eport , the DWG value is  a ssumed to be 
the average o f  the above two value s , or  
$43 . 4 0 / _ton o f  DWG . However ,  the DWG 
produced in plant s A and B has a very 
high mo is tur e  content --about 7 0% .  Be­
cause o f  some ant ic ipated d if f icul t ie s  in 
handling and transport ing high mo isture 
DWG , a d iscount o f  10% is  as sumed to 
apply to  its market value . The cal­
culat ed market value is therefore $ 3 9 . 06 ,  
or approxima tely $ 3 9 / ton .  When this is  
conver t ed to a cred i t  per gallon o f  
denatured alcoho l , it amount s  to $ . 3 0/  
gal lon f or both plant A and plant B . 1 4  
Total and net co s t s  
Total and net co s t s  f o r  produc ing 
alcoho l in p lant A are shown in Sec t ions 
III and V o f  Table 1 .  Total annual co s t s  
shown in Sect ion I I I  are found b y  adding 
annual f ixed co s t s  to annual operat ing 
co s t s . The to tal comes to $ 14 6 , 08 5 ,  or 
$ 2 . 9 9 per gallon o f  alcohol . 
From this amount , th .Ledi t  for the 
f eed byprodu c t  is subtrat ed .  The f eed 
byprodu c t  cred it shown ir �e c t ion IV 
equals $ 14 , 7 4 2  p er year , ) . 3 0 p er 
gallon . Thu s , the total c� t of pro­
duc ing 185  proof alcohol in plant A--net 
of the f eed byproduc t cred it --equals 
$ 13 1 , 343 annually , or $ 2 . 69 p er gallon . 
Total and net cos t s  for p lant B are 
presented in a s imilar fashion in Table 
2 .  In that table , total annual co st s are 
shown to be $ 3 65 , 17 3 , which comes to 
$ 2 . 09 p er gallon . The annual cred it for 
the f eed byproduct is $ 5 2 , 88 4 , or $ . 30 
p er gallon . Hence ,  the total cost o f  
produ c ing 185  proof alcohol in plant B-­
net o f  the feed byproduc t cred it--is 
$ 3 1 2 , 2 8 9  annually , or $ 1 . 7 8 p er gallon . 
A comparison of Tables 1 and 2 
reveals that an expans ion from p lant size 
A to p lant s iz e  B ,  increas ing annual 
produc tion from 4 8 , 8 63 to 175 , 07 4  gal­
lons , would result in a per gallon d e­
crease in net co s t s  of more than $ . 90 per 
gallon . This decrease in p er gallon 
co s t s  is due largely to the relat ively 
small increases in cap ital equipment 
co s t s  as soc iat ed with " s iz ing up" some 
par t s  of the p lant ( e . g . , f ermentat ion 
capac ity) to more fully u t ilize  o ther 
par t s  ( e . g . ,  the d is t illat ion unit) . 
Sens it ivity Analyses 
A change in certain assumpt ions made 
in the baseline analyses could s ignif i­
can t ly change per gallon cos t s  a ssoc iated 
with product ion o f  fuel alcohol in plant s 
A and B .  This s ec t ion o f  the report 
contains sen s i t ivity analyses of four 
factors that could sub stant ially affect 
f inal co s t  out comes . These factor s are 
the following : 
( 1) the alcohol yield per bushel o f  
corn; 
( 2 )  the price o f  corn; 
(3) the int erest rate at which the 
cost o f  cap ital equipment is  
amort iz ed ,  and at  which operat­
ing cap ital i s  made available; 
and 
( 4 )  the value o f  the f eed byproduc t .  
The s ensit ivity o f  co s t s  to changes 
in these fac tors i s  analyz ed only for 
p lant B .  Due t o  the lower p er gallon 
c o s t s  associated with plant B ,  it is 
henc eforth assumed that a cooperat ive 
group would " s iz e-up" it s product ion 
capacity to at least  that of plant B .  
13 For more details concerning the e s t imat ion o f  DWG value , see Annex E .  
14For more d e tails concerning the es t imat ion o f  this cred i t , see Annex E . 
12 
Alcoho l  yield 
Alcohol yield in the baseline 
analy s is was 2 . 6  gallons of 185 proof 
p roduc t p er bushel o f  corn . This f igure 
was arrived at  through fuel alcohol 
experimentat ion by and consultat ion with 
SDSU agr icultural engineers and micro­
b iolog is t s . In an alcohol p lant similar 
to p lant B, it is unlikely that alcoho l  
yield will be greater than 2 . 6 gallons 
per bushel . 
However , a lower alcohol yield may 
well exist  in some cases . This is mos t  
l ikely to happ en if  plant operators lack 
suf f ic ient skills in either microbiology 
( f or cooking and f ermentat ion) or en­
g ineering (for d i s t illat ion and total 
sys t em operat ion) . 
Table 3 shows the effec t  on per 
gallon c o s t s  of reduc ing the alcoho l 
yield from 2 . 6  to  2 . 3  and to  2 . 0  gallons 
See page 20 
for Table 3 
per bushel o f  corn . 
Annual cap ital cos t s  
are assumed to remain 
cons tant for all three 
yield s . Annual operating cos t s  are 
also as sumed to remain con s tant , ex­
cep t for small decreases in denaturant 
cos t s  and costs o f  interes t  on oper­
at ing cap ital caused by the decrease in 
annual alcohol output . 
The annual cost p er gallon of d e­
natured alcoho l (net o f  the f eed by­
product cred it )  is $ 1 . 78  when the alcoho l 
yield is  2 . 6  gallons; this is  the ba se­
l ine case . If  alcohol yield were to fall 
to 2 . 3  gallons p er bushel , annual alcoho l  
product ion would fall t o  154 , 8 91 de­
natured gallons . The lowered produc t ion 
result s  in a net annual p er gallon cost 
o f  $ 2 . 01 ,  an increase o f  $ . 2 3 over that 
o f  the baseline case . 
If  alcohol yield were to  fall to  
only 2 . 0  gallons p er bushel , the p er 
gallon cost  r ises another $ . 2 9 ,  to  $ 2 . 30 .  
A high alcohol y ield i s  extremely impor­
tant , even if  it requires greater in­
vestment in trained operators than some 
entrepreneurs might orig inally have 
thought . 
Corn price 
In the baseline case , the pr ice o f  
corn was a ssumed to be $ 2 . 50 p er bushel . 
At that pric e , the c o s t  o f  corn p er 
gallon o f  alcohol is $ . 92 ,  represent ing 
over 5 0% of the net p er gallon cost of 
produc ing alcoho l in plant B .  Obvious ly , 
a change in the price o f  corn will have a 
large impact on per gallon cost s .  In one 
of the s ensit ivity analyses , only the 
price of corn is  changed , while other 
input s and prices  are held constant . 
Table 4 shows the effect  on oper­
at ing and total cos t s  of varying the 
pr ice o f  corn . The 
cost  o f  corn p er gallon 
of 185 proof d enatured 
alcohol is $ . 7 3 when 
See page 21 
for Table 4 
corn is  $ 2 . 00 p er bushel , compared to 
$ . 9 2 in the baseline case with $ 2 . 50 
corn . This causes a reduc t ion in net 
cost s  p er gal lon of $ . 1 9 . 1 5  
Table 4 also shows the ef fect on 
annual operat ing and total c o s t s  if the 
price of corn should r is e  to  $ 3 . 00 per 
bushel . In this cas e ,  the p er gallon 
co s t  o f  corn increase s  to  $ 1 . 10 .  Thi s  
resul t s  i n  a n e t  c o s t  p er gallon o f  
$ 1 . 9 7 . 
A compar ison of cases shows that a 
change in corn p rice f rom $ 2  per bushel 
to  $3 p er bushel resul t s  in almo s t  a $ . 40 
increase in the per ' gallon co s t  o f  
alcohol . 
15There is a s lightly greater drop in net per gallon c o s t s  than in corn co st s 
per gallon . This is becau se of a small decrease in interest on operat ing 
cap ital . Whenever operat ing cos t s  are reduc ed , this will occur . 
1 3  
Interest rate 
Another f actor affecting costs of 
alcohol production is the interest rate 
at which the original purchase price o f  
See page 21 
for Table 5 
capital items is amor­
tized and at which 
operating capital is 
borrowed or otherwise 
made available .  The interest rate used 
in the baseline analysis is 15% . Table 
5 shows the effect of varying the inter­
est rate on net costs per gallon o f  
alcohol produced i n  plant B (all other 
factors held constant) . 
The lowest intere s t  rate as sumed is  
1 0% . In this cas e , the effect o f  lower­
ing the interest  rate from the baseline 
case (15% ) is to reduce net p er gallon 
costs f rom $ 1 . 78 to  $ 1 . 72 .  
Cos t s  were also calculated at 20% 
int erest . This calculat ion result s in 
about a $ . 06 rise  in net p er gallon 
cost s , compared to  the baseline case . 
Should investors d emand a return on 
cap ital as high as 30%--to o f f  set the 
po t ent ially high r isks as soc iated with 
fuel alcohol investment s--then to tal 
annual per gallon c o s t s  would be pushed 
to $ 1 . 98 .  Thus , over the range of 1 0% to  
3 0% interest rates , there is  a dif f erence 
in annual per gallon c o s t s  o f  $ . 26 . 
Al though per gallon cos t s  are less 
sensitive to varying int erest  rates than 
14 
they are to varying alcohol yields and 
corn p r ices , the interest rate is st ill 
an important det erminant o f  alcohol 
produc t ion pro f itab il ity . 
Feed byproduct credit 
The bas eline case calculat ions were 
based on the average value of DWG used in 
dairy cow rat ions and dairy he ifer rat ions 
in exp er iment s at  SDSU . The value o f  DWG 
in dairy heifer rat ions , however , is  much 
higher than it s value in dairy cow 
rat ions . The type o f  rat ion in which the 
DWG is fed can thus make a large differ­
ence in the byproduc t value , which , in 
turn , af fects  the net cost of produc ing 
fuel alcoho l . 
Table 6 shows the effec t  on alcohol 
production costs o f  using dif ferent 
values for the DWG credit . DWG used in 
dairy heifer rations 
is valued at almo st 
$ . 14 per gallon o f  
alcohol more than DWG 
See page 21 
for Table 6 
used in dairy cow rations . I t  is evident 
that the type of f eeding operation 
available to make use of the DWG can 
strongly inf luence it s market value and , 
hence ,  the net costs of fuel alcohol 
production . 
REFERENCES 
Dobb s ,  Thomas L . , Randy Ho f fman , and Ardelle Lundeen . Framework for examining 
the economic f easibil ity o f  small scale alcohol plant s . Economic s S taff  
Paper Series No . 8 1 -3 , South Dako ta S tate Univers ity , Augus t 1981 . 
Hutchinson , Ron ,  and Thomas L .  Dobbs . Prel iminary cost est imates--produc ing 
alcoho l fuel from a small scale plant . South Dako ta State University 
Agr icul tural Experiment S tation C ir cular 233 , December 1 98 0 . 
South Dako ta Department o f  Revenue . Annual statist ical report , FY 1 98 0 . 
December 1 9 8 0 . 
South Dako ta Off ice o f  Energy Po licy . South Dako ta renewable energy sys tems 
tax credit and Federal energy tax inc ent ives .  Pamphlet is sued by the S outh 
Dako ta O f f ice of Energy Pol icy , n . d .  
Thaden , Ron , and Wallace G .  Aanderud . Rat es paid for custom work in S outh 
Dakota . South Dako ta State University Extens ion C ircular 6 63 ,  1980 . 
U . S .  Department of Agr icul ture . §mall scale fuel alcohol produc t ion . P repared 
with the assistanc e of Development Planning and Re search Assoc iates , Inc . 
Washington , D . C . : March 1 98 0 .  
U . S .  Department o f  the Treasury , Bureau o f  Alcohol , Tobacco , and Firearms . Dist illed 
spirits  for fuel use . U . S .  Govt . Print ing O f f ice , July 1 98 0 .  
15 
Table 1 .  Fuel alcohol product ion co st s : plant A (48 , 863  gallons of 185  proof alcohol , 
inc luding d enaturant , and 3 7 8  tons o f  DWG) , 15% int erest rat e, $ 2 . 5 0 /bu corn , 
alcohol y ield of 2 . 6 gal /bu of corn 
I .  Cap ital and other fixed c o s t s  
( 1 )  ( 2 )  
Capital 
I t em  Cost 
A .  I t ems not l ikely t o  be available 
Coal-f ired bo iler 
F ermentat ion tanks 
Gra in handling system 
Alcohol storage 
Auger 
Heat exchanger 
Feed byproduct storage 
Wat er sof t eners ( 2 )  
Building 
D i s t illat ion column 
T emperature met er 
Pressure gauges ( 2 )  
Pump s  and mot or s  
P ip e s  and accessories 
Centrifuge 
F low meters (2) 
D if f erent ial pres sure cell 
Cool ing tower 
Laboratory 
$ 2 6 , 45 0  
1 1 , 7 5 0  
1 2 , 800  
4 , 05 0  
500  
1 , 7 5 0  
1 , 200 
1 , 000 
1 6 , 000 
1 9 , 000 
300 
5 0  
2 , 3 5 0  
8 5 0  
3 2 , 000 
1 5 0  
25 0 
3 , 900 
3 , 000 
Subtotal A =  $ 13 7 , 34 0 
B .  I t ems pos s ibly already available 
among members of a cooperat ive 
group 
c. 
16 
Vert ical auger $ 2 , 400 
Skid-s teer loader ( or tractor 2 0 , 000 
loader o f  some kind) 
Subtotal B = 
Other f ixed co s t s  
Insurance 
Maintenance 
Property taxes 
Subtotal C 
Total cap ital and o ther 
f ix ed cos t s  (A + B + C )  
$ 2 2 , 40 0  
$ 15 9 , 75 0  
( 3 )  
Useful 
Lif e 
(Years )  
. 1 5  
1 0  
1 0  
1 0  
10 
10 
2 0  
10 
2 0  
10 
10 
10 
10 
5 
1 5  
1 0  
10 
10 
1 0  
1 0  
2 0  
( 4 )  
Annual 
Amortized 
Cos t  ( a t  15% 
Int eres t) 
$ 4 , 5 2 3  
2 , 338  
2 , 54 7  
8 0 6  
100 
348 
191 
1 9 9  
2 , 544  
3 , 7 8 1  
6 0  
1 0  
468  
253  
5 , 47 2  
3 0  
5 0  
7 7 6  
5 9 7  
$ 2 5 , 093 
$ 4 7 8  
3 , 18 0  
$ 3 , 65 8  
Annual Cos t  
$ 3 , 600 
4 , 800  
5 , 100 
$ 13 , 500  
$ 4 2 , 2 5 1  
( 5 )  
Cos t P er 
Gal of Denatured 
Alcohol (Col . 
4 8 , 8 63 Gal ) 
$ . 093  
. 04 8  
. 05 2  
. 01 6 
. 00 2  
. 00 7  
. 004 
. 004 
. 05 2  
. 077  
. 0011 /  .ooo=-
. 01 0  
. 005  
. 112  
. 001 
. 00 1  
. 01 6  
. 012  
$ . 513 
$ . 01 0  
. 06 5  
$ . 07 5  
$ . 074 
. 098  
. 104 
$ . 2 7 6  
$ . 8 64 
4 + 
( Tab le 1, cont inued) 
I I . Op era t ing co s t s  
( 1 )  ( 6 ) ( 2 ) ( 3 )  ( 4) ( 5 )  
Cost Per 
Uni t s /  Cost /Gal of 
Gal of Non- Non-dena tured 
Annual 
Co st 
Gal o f  Denatured 
Alcohol 
denatured Co s t /  Alcohol ( Co l .  ( Co l .  4 ( Col . 5 + 48 , 8 63 )  
It em 
Corn (2 . 6  gal /bu) 
Diazyme L-100 
Taka-Therm 
Sul fur ic acid 
Ammonium hydroxide 
Yeast 
Elec tric ity 
Alcohol 
. 3 85  bu 
. 63 oz  
. 18 oz  
1 . 00 oz  
.4 9 oz  
.02 lbs 
.8 9 kwh 
Unit 2 x Co l .  3 )  
$ 2 . 50/bu $ .  963  
. 12/oz . 07 6  
. 14 / oz . 02 5  
. 01 / f l  oz  . 01 0  
. 05 / fl oz  . 02 5  
1 . 20/ lb . 02 4  
. o3 3 / kwhY . 02 9  
Fuel ( 1 0,000 btu/ lb coal) 
Wat er 
Labo r 
2 . 60 lbs 
11. �/ gal 
4 7 . 00/ ton . 06 1  
1 .  �1£ 7000 gall/ · 2t8 
Laboratory tests  _2_1 --�./ 
Denaturant (gaso line ) . 053 gal 1 . 30/gal 
In terest on operat ing cap ital 
( 1 5% interes t /yr for 
3 months /yr) 
To tal operating co s t s  
III . Total cos t s  (I  + II) 
IV . Credit for feed byproduc t 
v. Net co s t  o f  denatured alcohol (III - IV) 
--�/ 
. 06 9  
x 4 6 , 4 2 0 )  
$ 44 , 7 02 
3 , 52 8  
1 , 161 
4 64 
1 , 1 61 
1 , 114 
1 , 34 6  
2 , 832 
836  
3 9 , 060  
675  
3 , 2 02 
3 , 753  
$ 1 03,834 
$ 14 6 , 085 
$ 14 , 7 42  
$ 131 , 34 3  
$ . 91 5  
. 07 2  
. 02 4  
. 00 9  
. 02 4  
. 023 
. 02 8  
. 05 8  
. 01 7  
. 7 9 9  
. 013 
. 06 6  
. 07 7  
$ 2 . 12 5  
$ 2 . 98 9  
$ . 302 
$2 . 6 8 7  
( $ 2 . 69 ,  rounded) 
.!/The annual co s t  per gallon o f  denatured alcohol is so small for these items that it  
round s to 0 at three dec imal p laces . 
2/ - The cost  p er unit of elec tricity is the average co s t  per kwh , g iven the dec l in ing block 
rate struc ture o f  an elec tric ut ility on a monthly bas i s  and the est imat ed electrical 
usage for a full month of plant operat ion . 
1./The co s t  per unit of wat er i s  the average cost p er 1 , 000 gal lons , g iven the dec l in ing 
block ra te structure of a wa ter ut ility on a monthly bas is and the e s t imated water 
usage for a full month o f  plant operat ion . 
�/Labor co s t s  are e s t imated on an annual ba s i s  for d i f ferent typ es o f  labor . For more 
details explaining the typ e ,  amount, and the co s t  of labor , see Annex B. 
_5_/Laboratory t es t s  are est imated on a weekly basi s  for different types of samples . For 
more details exp laining the type , amount , and co st of out s ide laboratory tes t ing , 
see Annex B. 
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Table 2 .  Fuel alcohol produc t ion cost s :  p lant B ( 17 5 , 074 gallons o f  18 5 proof 
alcoho l ,  including d enaturant , and 1 , 3 5 6  tons o f  DWG) , 15% interest  rate ,  
$ 2 . 50 /bu corn , alcohol yield o f  2 . 6  gal /bu o f  corn 
I .  Cap ital and other f ixed cos t s  
( 1) ( 2 )  ( 3) ( 4 )  ( 5 ) 
Annual Cos t Per 
' Useful Amor t i z ed Gal of Denatured 
Cap ital Lif e  Cost (at  15% Alcohol ( Co l . 4 
I tem Cost (Years )  Int erest)  1 7 5 , 074 Gal 
A .  I t ems not l ikely to be available 
Coal-f ired bo iler* $ 26 , 45 0  1 0  $ 5 , 2 64 $ . 03 0  
Fermentati.on tanks1< 23 , 3 00 10 4 , 637  . 02 6  
Grain handl ing system 12 , 800 10 2 , 54 7  . 01 5  
Alcohol s torage* 5 , 000 10 995  . 00 6  
Auger''< 5 00 5 14 9 . 001 
Heat exchanger 1 , 7 5 0  1 0  348 . 002 
Feed byproduct s torage 1 , 2 0 0  2 0  191 . 001 
Wat er sof t eners ( 2 ) * 1 , 000 5 2 9 8  . 00 2  
Building* 2 6 , 000 2 0  4 , 134 . 024  
Dist illat ion column 19 , 000 10 3 , 78 1  . 02 2 1 / T emperature met er 3 00 10 60 . 00°11 Pressure gauges ( 2 )  5 0  1 0  1 0  . 000::-
Pump s  and mo tors* 2 , 35 0  5 700  . 004 
P ipes and accessories* 1 , 000 5 2 98 . 002 
Centrifuge* 3 2 , 000 10 6 , 3 68 . 03 6  
Flow meters ( 2 )  1 5 0  1 0  3 0  1 / . OOOT/ Different ial pres sure c ell 2 5 0  1 0  5 0  .ooo=-
Cool ing tower 3 , 9 00 10 7 7 6  . 004 
Laboratory 3 , 000 10 5 9 7  . 003 
Sub total A $ 1 60 , 000 $ 3 1 , 2 3 3  $ . 17 8  
B .  I t ems po s s ibly already available 
among members of a cooperat ive 
group 
Vertical auger $ 2 , 4 0 0  1 0  $ 4 7 8  $ . 003 
Skid- steer loader (or tractor 2 0 , 000 2 0  3 , 18 0  . 01 8  
loader of some kind) 
S t eel gra in b in* 4 ,  100 20 652 . 004 
Subtotal B = $ 2 6 , 500  $ 4 , 3 1 0  $ . 02 5  
c. Other fixed costs Annual cost 
Insurance* $ 9 , 500 $ . 054 
Maint enance* 7 , 45 0  . 04 3  
Property taxes* 5 , 95 0  . 03 4  
Subtotal c $ 2 2 , 900 $ . 13 1  
Total cap ital and o ther $ 18 6 , 500  $ 5 8 , 443 $ . 3 34 
f ixed co s t s  (A + B + C)  
18 
+ 
�\ 
( Table 2 ,  cont inued) 
II . Op era t ing cos t s  
( 1 )  ( 2 )  ( 3 )  ( 4 )  ( 5 )  ( 6 )  
Cos t Per 
Unit s /  
Gal o f  Non­
d enatured 
Alcoho l 
Cost /Gal o f  Annual Gal of Denatured 
Non-denatured Cost Alcoho l 
Co s t / Alcohol ( Co l . ( Col . 4 ( Col . 5 + 1 7 5 , 074 ) 
Item Uni t  2 x Col . 3 )  
Corn ( 2 . 6  gal /bu) 
Diazyme L- 100 
Taka-Therm 
Sulfur ic acid 
Ammonium hydroxide 
Yeas t 
Elec tric ity* 
Fuel ( 1 0 , 000 b tu/ lb coal ) 
Wateri� 
Labor* 
Labo ra tory t e s t s  
Denaturant (gaso line) 
Int erest  on operat ing cap ital 
( 1 5% int ere s t / yr for 
3 months/ r) 
Total orerat ing co s t s  
III . To tal c o s t s  ( I  + I I )  
. 38 5  bu 
. 63 o z  
. 18 oz  
1 .  00 oz  
. 4 9 oz  
. 02 lb s 
. 8 9 kwh 
2 . 6 0 lbs 
l=j; gal 
--
21 
. 053  gal 
IV . Cred it for feed byproduct 
$2 . 50/bu 
. 1 2 / o z  
. 14 / o z  
. 01 / fl o z  
. 05 / fl o z  
1 . 2 0 / lb 2 / . 02 9 /kwh=-
4 7 . 00/ ton 3 1 . 99 /t�OO gal-
_ _  5 /  
1 . 3 0/gal 
V .  Net cost  o f  denatured alcohol ( III  - IV) 
$ .  963  
. 07 6 
. 02 5  
. 01 0  
• 02 5 
. 024 
. 02 6  
. 06 1  
. 01 1 
_ _  4 / 
_ _  )} 
. 06 9  
x 1 6 6 , 3 2 0 )  
$ 1 6 0 , 1 6 6  
12 , 64 0  
4 , 158 
1 , 663 
4 , 1 58 
3 , 99 2  
4 , 32 4  
10 , 1 4 6  
1 , 830  
7 8 , 84 0  
2 , 2 5 0  
11 , 4 7 6  
11 , 089 
$ 3 0 6 , 7 3 0  
$ 3 65 , 1 73  
$ . 91 5  
. 0 7 2  
. 024  
. 00 9  
. 02 4  
. 023 
. 02 5  
. 058  
. 010  
. 4 5 0  
. 013 
. 06 6  
. 063  
$ 1 .  752  
$ 2 . 08 6  
$ 5 2 , 8 84 $ . 302 
$312 , 2 8 9  $ 1 . 784  
( $ 1 . 7 8 , rounded) 
*Deno t e s  i t ems which have been changed in plant B from what they were in p lant A .  The 
changes may oc cur in quant ity , useful life , or input cost per unit . 
_!_/ The annual cost  per gallon o f  d enatured alcohol is so small for these items that i t  
round s to  0 at three decimal p laces . 
�/ The co s t  per unit o f  elec tricity is the average co s t  per kwh , g iven the dec l ining block 
rate s truc ture of an electric util ity on a monthly bas is and the e s t imated electrical 
usage for a fu ll month of plant operat ion . 
1/ The co s t  per unit of water is  the average cost p er 1 , 000 gallons , given the declin ing 
block rate s t ruc ture of a water u t il ity on a monthly basis and the est imated 
water usage for a full month o f  plant operat ion . 
!:/Labor co s t s  are e s t imated on an annual bas is for d if f erent typ e s  o f  labor . For more 
details explaining the type , amount , and the cost of labor , see Annex B. 
5 /  - Laboratory t e s t s  are e s t imat ed on a weekly bas is for different types o f  samples . For 
more details exp laining the type , amount , and co s t  of out s ide laboratory t es t ing , 
see Annex B .  
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Table 3 .  S ens i t ivity o f  p er gallon co s t s  o f  185  proof alcohol to change s  in alcohol yield 
p er bushel o f  corn 
Cost P er Gal 
Alcohol Annual Annual Annual Total o f  Denatured Alcohol 
Yield /Bu shel Cap ital Operat ing 
o f  Corn Co s t  Cost  
(Gallons) 
2 . 6  (baseline $ 5 8 , 44 3  $ 3 0 6 , 73 0  
case) 
$ 3 05 ' 35  71:/ 2 . 3* $ 5 8 , 443 
2 /  
2 .  O,'< $ 5 8 , 443 $ 3 03 , 98 Y-
Denatured Cost /Gal 
Produc t ion of Denatured Alcohol 
(Gal lons) 
1 7 5 , 074  $ 2 . 09 
1 54 , 8 91 $ ? . 35 
134 ' 687 $ 2 . 69 
Net of Feed 
Byproduc t Credi t  
$ 1 . 78  
$ 2 . 01 
$ 2 . 3 0 
*Annual operat ing co s t s  are lower for the operat ions yielding 2 . 3  and 2 . 0  gallons o f  185  proof alcohol 
per bushel of corn . This is  because less  gasoline input is required yearly to  dena ture the lower annual 
alcoho l output . In turn , the annual co s t  o f  int erest on op erat ing capital is also somewhat lower because 
o f  the decrea sed t o tal annual operat ing costs  result ing from reduced dena turant input . 
1:/ Annual d enaturant cost for p lant B when the alcoho l  yield is 2 . 3 gal /bu o f  corn equals $ 10 , 1 53 . 
Annual int erest on operat ing cap ital equals $ 11 , 03 7 . 
l/Annual denaturant cost for plant B when the alcoho l  yield is 2 . 0  gal /bu of corn equals $ 8 , 8 2 9 . 
Annual int eres t on operat ing cap ital equal s  $ 10 , 98 7 . 
A\ 
,, 
Table 4 .  Sensit ivity o f  p er gallon co st s o f  185  proof alcohol t o  change s  
in corn price 
Cost P er Gal 
Annual Cap ital Annual Operating of Denatured Alcohol Net 
Co s t  o f  Corn Cost  Cost  of Feed B�:i�roduc t Credi t  
$ 2 . 00/bu $ 58 , 443 $ 2 7 3 , 4 2 6  $ 1 . 5 9 
$ 2 . 5 0/bu (base- $ 5 8 , 443 $ 3 0 6 , 73 0  $ 1 . 7 8  
l ine case) 
$ 3 . 00 /bu $ 5 8 , 443 $ 33 9 , 8 6 1  $ 1 . 97 
Table 5 .  Sens it ivity o f  p er gallon co st s of 185  proof alcohol t o  change s  
i n  interest  rates 
Int erest Charge (Annual %)  
1 0% 
15% (baseline case)  
2 0% 
30% 
Cos t  Per Gal 
o f  Denatured Alcohol 
Net of Feed 
Byproduc t Credit 
$ 1 . 7 2  
1 .  7 8 
1 . 85 
1 .  98  
Table 6 .  Sens i t ivity o f  the f eed byproduc t cred it and per gal cost o f  alcoho l to  
the type o f  rat ion in which DWG is f ed* 
Rat ion on Which 
DWG Value is 
Based 
Dairy heifer rat ion 
DWG Value 
$ 4 8 / ton 
Averag e o f  dairy cow $ 3 9 / ton 
and heifer rat ions 
(baseline case) 
Dairy cow rat ion $ 3 0 / ton 
DWG 
Cost Per Gal o f  
Credit /Denatured Denatured Alcohol 
Gal o f  N e t  o f  Feed 
Alcohol Byproduc t Credit 
$ . 3 7 $ 1 . 7 2  
$ . 3 0  $ 1 . 78  
$ . 23 $ 1 . 85  
*Alcohol yield , corn price , and interest rate are all equal to tho s e  in the 
baseline case . 
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ANNEX A 
Explanat ion o f  Cap ital and Other F ixed Cost Est imates 
This annex contains a d e scr ip t ion o f  the cap ital and other f ixed cost 
items neces sary for the operat ion of p lant s A and B .  Included in this d e­
scrip t ion are the sources of the cost  e st imate s . The annex is d ivided into 
the following three sect ions : (a)  items no t l ikely to b e  already avai lable ; 
( b )  items p o s s ibly already available among members o f  a cooperat ive group ; and 
( c )  o ther f ixed cost s .  The following items are l i s t ed in the order in which 
they appear in Tables 1 and 2 .  
I t ems no t l ikely t o  be already available 
( 1 )  Coal-f ired s t eam bo iler : The co s t  listed is  f o r  a 7 5 0 , 000 btu/hr output 
bo iler built to u se 1 0 , 000 btu / lb coal . Thi s  uni t  includes hopper­
s toker , electronic control panel , and automa t ic ash removal .  The cost  
includes ins tallat ion and freight . Becau s e  of the bo iler ' s  rela t ively 
more intensiv e  u s e  in p lant B ,  it is as sumed that the useful life is  10 
years ins tead of 15  years , as in the case of plant A .  Co s t  est imates 
were provided by Ri sager P lumbing and Heat ing , Aberdeen , SD , and Prill 
Brother s , Sheridan , WY .  
( 2 )  Fermentat ion tanks : Plant A has three fermentat ion/ cook tanks . Two of 
the tanks hold a volume o f  1 , 5 0 0  gal and the third hold s a vo lume . o f  
1 , 3 00 , for a to tal o f  4 , 300 gal . 
Plant B has four f ermentat ion/ cook tanks . Each of these holds 
5 , 500 gal , for a total o f  2 2 , 000 gal . 
Co s t s  for each o f  the fermentat ion tanks in both p lant s A and B 
include (a)  fabr icat ion o f  the plain steel tanks with heat ing coils ; (b)  
manufacture and ins tallat ion of an ag itator system in each tank ; ( c )  non­
corro s ive paint ; (d)  an elec t r ic mo tor to run each ag itator system ;  and 
( e) f r e ight and installat ion . The co st est imates were provided by 
Fabricators , Inc . , S ioux C ity , IA ; the SDSU Phy sical Plant ; Wheeldon ' s , 
Brookings ,  SD ; and American Fre ight , Brooking s ,  SD . 
( 3 )  Grain handling system :  Cost s for the grain handl ing system include ( a) 
a 3 , 000-bu s teel grain b in ;  (b)  two u- troughs , one 8- and one 3 2 - f t , with 
neces sary connec t ions and acces sories ; ( c )  2 0-f t auger ; (d) 5-hp hannnermill ; 
and ( e )  ins tallat ion and freight . All co s t  est imates were provided by 
Berreau Industries , Round Lake , MN .  
( 4 )  Alcohol storage : Plant A has an alcohol storage capac i ty o f  5 , 000 gal , 
while p lant B ' s s torage capac ity is 1 0 , 000 gal . Co s t s  for alcohol 
storage include (a)  f iberglass  tank with f it t ings ; ( b )  f ireplug pmnp ; and 
( c )  ins tallat ion and freight . Co s t  est imates were prov ided by Fiberglass 
Unl imited , Inc . , Wa tertown , SD ; O ' Day Equ ipment Inc . , S ioux Falls , SD ; 
and the SDSU Phys ical P lant . 
( 5 )  Auger : This co s t  is  for a 5-inch d iamet er aug er , 1 6  f t  long , that is  to  
be used in transferring DWG from the centr ifuge to the storage bunker . 
The co s t  includes a 1-hp el ec tric motor . Cost  e s t imates  were provided by 
Midwes t  Imp lement , Inc . , Brooking s ,  SD , and Wheeldon ' s , Brookings , SD . 
( 6 )  Heat exchanger : The cost is for a 25-square f t  tube and shell heat 
exchanger mad e  of carbon steel . The cost est imate was provided by S co t t  
Stamp e ,  SDSU agr icultural eng ineer ing graduate research a s s is tant . 
( 7 )  Feed byproduc t storage : The co s t  l is t ed is for a 2 5  long x 10 wide x 5 
high ( in f t )  open-ended c ement f eed bunker . The walls  and f loor o f  the 
bunker are 4 inches thick , with the f loor conta ining 6 x 6 t en gauge 
welded wire mesh . The co st est imat e  was provided by Louis Lubinu s , SDSU 
Ext ens ion agricultural eng ineer . 
( 8 )  Wat er softener : This cost  included two wat er sof teners , each capab le o f  
handl ing 5 5  gal /hr o f  wat er o f  2 0-30 grains hardnes s .  (One handles the 
wat er so ftening needs while the o ther is  recharging . )  The sof t ening is 
for bo iler water only . The cost e s t imate was provided by Culligan , 
Brooking s , SD . 
( 9 )  Building : P lant A has a build ing containing 800 square f t . Because of 
the larger fermentat ion tanks in plant B,  its build ing contains 1 ; 3 00 
square f t . 
Bo th buildings are insulated , wired metal building s with concrete 
f loors and s teel support s .  The roof s erves as the ceil ing . The co s t  
e s t imat e  was provided by Louis Lub inu s ,  SDSU Ext ens ion agr icultural 
eng ineer . 
( 1 0) Dist illat ion column : The co s t  is for a stainle s s  s teel , 12-inch d iame t er , 
insulat ed co lumn with a 2 0- 2 5 -gal /hr dist illat ion capac ity . This co s t  is 
as sumed to  include the condenser . The co s t  e s t imate was provided by 
Arlan Indus tries , Sheldon , IA . 
( 1 1 )  Temp erature meter : The co s t  e s t imate was provided by Scott  Stampe , SDSU 
agr icul tural engineer ing graduate research assistant . 
( 1 2 )  Pres sure gauges : The co s t  e s t imate for two pres sure gauges was provided 
by Scott S t amp e , SDSU agr icul tural engineer ing graduat e  research assistant . 
( 1 3 )  Pump s and motor s : The number and size of pump s and mo tors used to transfer 
the beer and alcoho l  are as sumed to be no different in plant B than they 
are in plant A. However , p lant B will be using the pump s  and mo tors more 
int ens ively ; theref ore , the assumed useful life of pump s and mo tors in 
p lant B is 5 year s , as compared to 10 years for tho s e  in p lant A .  The 
co s t  lis ted for pump s and mo tors includes ( a )  two Rop er brand po s i t ive 
d isplacement progres s ive cavity pump s ; ( b )  two Viking brand pos it ive 
d isplacement gear pumps ;  and ( c )  four Char-Lynn brand hydraulic motor s .  
Cos t  e s t imates  were provided by Arlan Indust r ie s , Sheldon , IA . 
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( 1 4 )  P ipes and accessories : The co s t  of p ipes and acces sor ies for p lant A i s  
based o n  what currently exi s t s  at the SDSU experimental p lant . Although 
the size  of p ipes and accessories used in p lant B is no t expected to 
d i f f er from those  of p lant A, it is as sumed that there would be a 2 0% 
increase in cost due to an increase in the length o f  p ip e  needed and an 
increase in the number o f  acces sory f it t ings that would b e  required . 
The cost  est imates include l�-inch black iron s team l ine , 3 / 4 - inch 
r ig id copper l ine , 3 / 4 - inch ball valves , 3 / 4-inch gate valves , l�-inch 
pneumat ic valves ,  1-inch rubber ho se , and 5 / 8 - inch rubber ho se . Cost 
e s t imates were provided by Thill P lumbing & Heat ing , Brookings ,  SD , and 
Running ' s , Brooking s ,  SD . 
( 1 5 )  Centrifug e : The cost e s t imate is for a P-600 Sharples centrifuge . The 
e s t imat e  was provided by P ennwalt Corporat ion - Sharples Division , Oak 
Brook , IL . Due to heavier usag e  in plant B ,  the as sumed useful life of 
the centr ifug e  is only 1 0  years , as compared to 15 years in p lant A .  
( 1 6)  Flow me ter s : The cost e s t imate for two f low meters was provided by Sco t t  
S tamp e ,  SDSU agr icu ltural eng ineer ing graduate research assis tant . 
( 1 7 )  Different ial pressure cell : The co s t  e s t imate was provided by Scott 
S tamp e , SDSU agr icultural eng ineering graduate research a s s is tant . 
( 18 )  Coo l ing tower : The co s t  e s t imate i s  for the delivery and ins tallat ion of 
a 65-ton open p it tower . The purpo se of the cooling tower is to reduce 
the t emp erature o f  wat er that has been used to cool mash in the cook and 
f ermentat ion process . A cool water holding tank will init ially b e  
f illed with wat er to be used f o r  this coo l ing . S co t t  Stampe , SDSU 
agricul tural engineer ing graduat e  research assistant , e s t imates that 1 . 1  
gal o f  the ini t ial cooling water will be lo s t  to  evaporat ion for every 
gallon of 1 8 5  proof alcohol that is produced . Therefore , the coo l ing 
wat er mus t  be rep laced at that rate . 
The co s t  e s t imat e for the cooling tower was provided by the Gergen 
Co . ,  Minneapolis , MN .  
( 1 9 )  Laboratory : The co st e s t imate for a small , bas ic laboratory and equip­
ment ( t o  t e s t  alcohol content , etc . )  wa s prov ided by Bill G ibbons , SDSU 
microb iology graduate research assistant . 
I t ems po s s ib ly already available among members of a cooperat ive group 
( 1 )  Vert ical auger : The cost  is for  a 43-f t ,  7- inch auger with a 16-hp 
motor . This auger is u sed to  auger corn from an unloading truck to the 
top o f  the b in .  The cost e s t imate was prov ided by Midwes t  Implement , 
Inc . , Brooking s , SD . 
( 2 )  Skid- st eer loader : The cos t  is for a new ( 19 8 1 )  Case model 1845 with 4 5  
hp . The cost e s t imate was provided by Case Power and Equipment , Brookings ,  
SD . 
( 3 )  S teel grain b in :  Thi s  grain storage ( an addit ion to  that describ ed 
ear lier a s  part o f  the gra in handl ing system) is  included only for p lant 
B .  The b in has a capac ity o f  3 , 2 00 bu of corn . The co s t  include s  
a s s embly o n  the s it e . The co s t  e s t imat e  was provided b y  Opland Agri­
s ervice , Brooking s ,  SD . 
Other f ixed cos t s  
( 1 )  Insurance : The co s t  o f  insurance was calculated from the following 
schedule : 
Insurance type 
(a)  General liab il it y  - $ 5 00 , 000 coverage 
( b )  Produc t l iab il ity 
( c) Workmen ' s  comp ensat ion 
( d )  Fire and extended coverage 
Rat e  
$ . 6 5 / $ 1 00 payroll 
$ 1 . 00/ $ 100 sales 
$4 . 9 5 / $ 1 00 payroll 
$ . 8 0 / $ 100 sales 
For purposes of calculat ions here , only rough e s t imates  o f  alcohol 
and DWG revenues were used . For calculat ing insurance co s t s ,  the 185 
proof alcohol was assumed to  sell for $ 1 . 3 0/gal and the DWG was assumed 
to sell for $ 4 0 / t on .  
The insurance schedule wa s taken f rom Small-Scale Fuel Alcohol 
Product ion , USDA , March 1 98 0 . Actual co s t  will vary from state to  state 
and insurer to  insurer . 
( 2 )  Maintenance : Maintenance for p lant A wa s calculated as 3% of equipment in� 
vestment . Guidel ines for est imat ing this maint enance cos t  were drawn 
from Small-Scale Fuel Alcohol Pro duc t ion , USDA , March 1 98 0--with modif  ica­
t ions deemed appropr iate for the SDSU-typ e  plant . 
Maintenance for plant B was calculated as 4% o f  equipment inves t -
ment . Even though short er useful l ives were as sumed f o r  some cap ital 
component s o f  p lant B ( t han in the case of plant A) , it was felt that the 
much more int ens ive use of all capital equipment in plant B would necess itate 
at least  this much o f  an increase in the co s t  allowance for maint enance . 
( 3 )  Property taxes : Property tax informat ion was taken from the Annual 
Stat ist ical Report ,  FY 1 9 8 0  of the SD Depar tment of Revenue . The tax 
rat e is for a p ermanent s it e  in Moo dy County . 
The formula for comput ing annual property t axes is  as follows : Init ial 
cap ital cost  x rat io of asses sed value to market value x taxable value percent 
x mil l levy = amount of annual property tax owed . 
In Moody County , the c ity of Egan ha s the following data f or 1 98 0 : 
( 1) rat io o f  assessed value to  market value . 911  
(2)  taxable value . 4 5 
( 3 )  mill levy . 07 8  
There is  a po s s ibility o f  reduc ing property taxes through the tax 
assessment credit made available for the installat ion of renewable resource 
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energy sys t ems by the South Dakota Leg islature in 1 98 0 .  The assessment 
credit is det ermined in one of two ways--the assessed value of the property 
with the sys t em ins talled minus the asses sed value without the system or 
the actual co s t  of the system ,  whichever amount is  greater . 
Both res ident ial and commerc ial structures qualify for the assess­
m ent credit . Re s ident ial dwellings qualify for a 100% and conrrnerc ial 
structures for a 5 0% credit . The credit may be appl ied for 3 cont inuous 
years for both resident ial and connnerc ial appl i cat ions , followed by 3 
years o f  dimini shing cred it o f  75% , 5 0% ,  and 25%  of the bas e year cred i t . 
However , the assessment credit does no t app ly when ( 1 )  the energy 
pro duced is  to be sold or ( 2 )  the t itle to the property is  transferred . 
I t  was assumed in this analys is tha t  at least some of the alcohol would have 
to be sold to non-cooperat ive customers . Therefore , the assessment 
credit was not app l ied . 
ANNEX B 
Exp lanat ion o f  Operat ing Cost E s t imates  
This  annex contains an explanat ion of cons iderat ions entering into es t ima­
t ion of co s t s  of each variab le input . Also no ted are the sources of cost 
informat ion . Units  o f  each input are listed on a per gallon o f  18 5 proo f non­
d enatured alcoho l  bas is . The input s  are lis ted in the order in which they 
appear in Tables 1 and 2 .  
( 1 )  Corn : The co s t  o f  corn f o r  both plants A and B i s  as sumed to  be that 
o f f ered for corn at local grain elevators . In the base cas es , this cost  
i s  as sumed to be $ 2 . 5 0/bushel . The assumed amount of corn required per 
gallon o f  185 p roof alcohol is based on data from 1981 experiment s by and 
j udgement s of SDSU microb iologist s and agr icultural engineers on the fuel 
alcoho l research t eam .  Tho se indiv iduals felt that 2 . 6  gallons of 185  
p roof alcohol p er bushel o f  corn could be obtained by a connnercial or 
cooperat ive p lant pat t erned after SDSU ' s if p roper equipment and manage­
ment were used . 
( 2 )  Diazyme L-100 : Diazyme L-100 is purchased in a s tandard concentrat ion , 
the cost e s t imate o f  which wa s taken from invo ices received by SDSU from 
Miles Laboratorie s , Inc . o f  Elkhart , IN . The cost  est imate includes 
freight . 
( 3 )  Taka-Therm : Taka-Therm also is purchased in a standard concentrat ion . 
The cost e s t imate was taken from invo ic es rec eived by SDSU from Miles 
Laboratories , Inc . of Elkhart , IN . The co s t  es t imate includes freight . 
( 4 )  Sulfuric acid : The c o s t  for sulfuric acid wa s taken from invoices re­
ceived by SDSU from Dakota Chemical Co . o f  S ioux Fall s , SD . The ac id is 
9 8-100% concentrated H2 so4 , 36 N .  The co st includes freight . 
( 5 )  Ammonium hydroxide : The cost o f  the ammonium hydroxide solut ion was 
taken from invo ices received by SDSU from Dakota Chemical Co . of S ioux 
Falls , SD . The t rade name is Aqua Ammonia (NH40H + H2o )  and it i s  2 9% concentrated by weight . The cost inc ludes freight . 
( 6 ) Yeast : The yeast used for alcoho l  product ion exper imen t s  at SDSU was 
made by SDSU microb io log i st s .  If one were to purch�se such yeas t ,  the 
cost  would be $ 1 . 2 0 / lb , including f reight . Bill Gibbons , SDSU micro­
b io logy graduate research assistant , recommended using about 2 lb o f  
yeast  p er 1 , 000 gal o f  mash . 
The co s t  e s t imat e  was provided by Universal Foods of Milwaukee , WI , 
for Red S tar Dis t illers Ac t ive Dry Yeas t . 
( 7 )  Electricity : Elect rical rates  for 1 981  were provided by S ioux Valley 
Electric , Colman , SD . Elec trical use p er gallon o f  185  proof alcohol is  
based on 1981  exp er imental data . 
( 8 )  Fuel : The fuel a s sumed t o  be used in both p lant s  A and B for s team 
p roduct ion is 1 0 , 000 btu/ lb coal . The bo iler using the coal is as sumed 
to operat e at 7 0% e f f ic iency . 
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The amount o f  s t eam u sed p er gallon of 185  proof alcohol , based on 
1 9 8 1  experimental dat a ,  was 2 0 , 507  b tu ' s .  However , this measurement was 
t aken without a heat exchanger in place . Scott  S tamp e , SDSU agricultural 
engineering graduate research assistant , es t imates  a 10% saving s in s team 
r equirement if a heat exchanger were to be installed . S ince this analysi s  
a s sumes the use o f  a heat exchanger , the amount o f  s team needed per 
gallon o f  185 proof alcohol was reduced 1 0% , to 18 , 4 5 7  b tu ' s .  
The cost  e s t imate for the 1 0 , 000 b tu / lb coal was provided by S chul t z  
Coal Brokers ,  Sheridan , WY ;  it includes freight . 
( 9 )  Wat er : The amount o f  wat er used per gallon o f  185 proof alcoho l  produced 
i s  based on ( a) 1981 fuel alcohol plant experimental data concerning 
wat er u s e  for cooking , cool ing , clean-up , etc . and ( b )  water-to-steam 
c onvers ion est imates  prov ided by Sco t t  Stamp e , SDSU agr icul tural eng ineer­
ing graduate research assistant . This analysis  assumes that 75% o f  the 
wat er r equired for the total process  can be recycled through a cooling 
t ower and used aga in . 
The cost  o f  water is based on 1981 rate s  provided by the B ig S io ux 
Rural Wat er Syst em ,  headquart ered in Brooking s ,  SD . 
( 1 0 )  Wat er S o f t ener Salt : The wat er softeners are assumed to  so f t en only 
wat er g o ing to the bo iler . They can sof t en wat er of 2 0-3 0 grains hard­
ness at a rate of around 54 gal /hr . 
For p lant B ,  thi s requ ires approximately 480  lb of sof t ener sal t , 
which co s t s  $4 . 2 5 / 8 0-lb bag . 
For plant A ,  about 1 6 0  lb o f  sof tener salt are required , at $4 . 2 5 / 8 0-
lb bag . 
E s t imates o f  the amount o f  softener salt needed and co s t s  for water 
sof t ener salt were prov ided by Cull igan Wat er , Brooking s ,  SD . 
( 11 )  Denaturant : Bureau o f  Alcohol , Tobacco , and Firearms regulat ions ( see 
D is t illed Sp ir it s  for Fuel Use , July 1 98 0 , in list  o f  Ref erence s )  require 
addit ion o f  a d enaturant to alcohol , to  render it unf it for b everage use , 
if it is to be free o f  beverage alcohol taxes and u sed for fuel alcohol . 
One way o f  sat isfying the r egulat ions is  by add ing 5 gal or more of 
gasol ine to  each 100 gal of �lcohol . S ee Annex C for the denaturant 
a s sumpt ion u s ed in the analyses for this report . 
( 12 )  Labor : In p lant A ,  the following assumpt ions apply to labor requirement s .  
Two typ e s  o f  labor are requ ired . They are ( 1 ) managerial and ( 2 )  tech­
nical /proces s ing labor . The equivalent of one p erson o f  managerial 
capab il ity is r equired at the p lant for 8 hr per day , 7 days per week , 
f or 4 5  weeks of  operat ion . This manager ial capab ility may be represent ed 
by more than one p er son , such as two partners .  
The manager ( s) i s  resp ons ible for the purchase o f  input s  and the 
market ing o f  output s .  He i s  al so r espons ible for the operat ion o f  the 
p lant during his work shif t . In addit ion to  managing , this p erson ( s) 
mus t  have some knowledge of microbiology or engineering or related 
f ields . The hourly wage for manager ial labor i s  $ 8 /hr . Therefore , 
total annual managerial labor cost for p lant A is  computed as follows : 
( $8 /hr) ( 8  hr/ day) ( 7  days /week) ( 4 5  weeks / yr)  = $ 2 0 , 1 60 annual managerial 
labor co s t . 
Even though the fermentat ion process takes much of the t ime requ ired 
to proce s s  each alcohol batch and requires l i t t le monitoring , a p erson 
with technical / proc e s s ing tra ining must be at the alcoho l  p lant for 1 2  hr 
p er day--in add it ion to  the manager ' s  8-hr shi f t . In other words , some­
one is at the p lant 20 hr p er day . There are two reasons for thi s . 
Firs t , the cook/ f erment at ion tanks are loaded in a staggered fashion , to  
produce the maximum amount o f  b eer p o s s ible in a week ' s  t ime . Therefore , 
each tank will begin and end ferment ing at different t ime s . Second , the 
p lant is powered by a coal-f ired bo iler , which requ ires a great deal of 
monitoring . 
The t echnical /proc e s s ing p er sonnel are paid $ 5 /hour . Therefore , 
to tal annual technical / proces s ing labor cost for plant A equal s : ( $ 5 /hr) 
( 12 hr/ day) ( 7  days /week) ( 4 5  weeks /yr) = $ 18 , 9 00 annual technical/ pro­
cessing labor c o s t . 
To tal annual labor co s t  for p lant A would then equal : $ 2 0 , 1 60/yr 
manager ial labor cost + $ 1 8 , 9 00/yr technical / proces s ing labor co s t = 
$3 9 , 060/yr . The total annual labor cost  o f  $ 3 9 , 060/yr does not include 
labor for t ruck drivers deliver ing the alcohol or DWG to consuming farms . 
That labor cost i s  to be included in the market ing analysis  in a separate 
report . 
In p lant B ,  the three types of labor required are ( 1 )  overall 
manager ; ( 2 )  p lant manager / engineer ; and ( 3 )  technical/proces sing labor . 
In plant B ,  the manager is  fully oc cup ied in planning , overs ight , pur­
chas ing input s ,  selling outpu t s ,  and so forth for 8 hr p er day , 6 days 
p er week , 4 5  weeks o f  the year . As in plant A ,  he has some training in 
microb iology or eng ineer ing or a related f ield . His hourly wage is  
$ 1 0/hour , so that , on an annual bas is ,  he  is  paid as follows : ( $ 10 /hr) ( 8  
hr / day) ( 6  days/week) ( 4 5  weeks / yr)  = $ 2 1 , 600/yr . 
Because p lant B is as sumed to be in operat ion 24  hr / day and the 
manager is  likely to be fully occup ied with manag ing ac t ivities , the SDSU 
fuel alcohol research team felt there is a need for a person with pro­
f ess ional training in microbiology or eng ineer ing to aid the manager in 
phys ical operat ion of the p lant . He or she works 8 hr per day , 6 days 
p er week , 45 weeks per year at an hourly wage of $9 per hour . The total 
annual wage o f  this "plant engineer" i s  equal to : ( $ 9 /hr) ( 8  hr/ day) ( 6  
days /week) ( 4 5  weeks /yr) = $ 1 9 , 44 0/yr . 
As in p lant A ,  the t echnical /proces s s ing p er sonnel are paid $ 5 /hr . 
There will need to  be someone to monitor operat ions 2 4  hr p er day . 
Therefore , to tal annual t echnical /process ing labor co s t  for plant B 
equals :  ( $5 /hr) ( 2 4  hr s / day) ( 7  days/week) ( 4 5  weeks / yr )  = $ 3 7 , 8 00 /yr . 
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To tal annual labor cost for plant B therefore equals : $ 2 1 , 600 
managerial labor + $ 1 9 , 44 0  "p lant engineer" labor + $ 3 7 , 800 t echnical / 
p rocessing labor = $ 7 8 , 84 0 .  
Members o f  the SDSU fuel alcohol research team agreed that the labor 
requirement s and co s t s  as sumed for plants A and B are the minimum at  
whi ch tho se p lant s  could operat e . Also recognized was the likely d if f i­
culty in obtaining personnel with the neces sary comb inat ions o f  skills  
and training needed to  f ill the p o s it ions descr ib ed . 
( 1 3 )  Laboratory t e st s :  Bo th p lant s A and B are equipped with what i s  called 
a " small" laboratory . With this laboratory , one could test  alcohol 
levels in the beer , t e s t  glucose concentrat ions in the mash and in the 
beer , and make rough e s t imates  o f  s tarch concentrat ions in the corn . 
Bill Gibbons , SDSU microbiology graduate research as sistant , sugges t s  
that managers o f  bo th p lant s would want to have samples o f  wet solids 
sent to more sophis t icated laboratories to  test for pro te in , fat , and 
o ther nutrient comp o s i t ion . They may also want to s end p eriodic corn 
s amples t o  out s id e  laboratories for more accurate measurement s  of s tarch 
concentrat ions . Occas ional samp les o f  mash and beer might be s ent to 
better-equipped laboratories to check the accuracy o f  a p lant ' s  own 
s amp l ing procedures . 
Gibbons e s t imat e s  the co s t  o f  t e s t ing samp les from p lant B at an 
out s ide laboratory would be approximately $ 5 0 /week . Because plant A 
p roduces less  than one-third as much alcoho l and DWG as doe s  plant B ,  it 
i s  assumed that the cost  o f  out s ide lab tests for p lant A would b e  only 
about 3 0% of tho s e  for plant B ,  or about $ 1 5 /week . 
ANNEX C 
Exp lanat ion o f  Alcoho l  Produc t ion E s t imat es 
Est imat ion of annual output o f  185 proof alcohol was done for two p lant 
s i z es . P lant A was a ssumed to produce approximately 4 9 , 000 denatured gal lons 
o f  185 proof alcohol yearly , while p lant B was assumed to  produce around 
1 7 5 , 000 gallons . The factors and as sump t ions used in determining these 
product ion f igures are explained in this annex . 
I .  P lant A Est imates  o f  185  Proo f Alcohol Produc t ion 
To calculat e the alcohol produc ing capac ity of p lant A, s everal f ac tors 
wer e  cons idered : 
( 1 )  Fermentat ion capacity :  Fermentat ion capacity i s  the l imit ing fac tor 
det ermining the amount of 185 proof alcohol that can be produced yearly 
in p lant A .  Plant A conta ins three f ermentat ion/ cook tanks with a to tal 
volume o f  4 , 300 gal . If  f illed to the 95% lev el , to tal f ermentat ion 
capacity is 4 , 08 5  gal of ma sh . 
( 2 )  Alcohol content o f  beer : The goal of the p lant is to make beer with a 
10% alcohol content . 
( 3 )  Leng th of t ime for the product ion pro cess : Each fermentat ion tank holds 
an averag e of 1 , 3 6 2  gal o f  mash . I t  is as sumed that each tank requires 
68 - hr to complete the product ion proces s ;  this includes 12  hr for loading 
and cooking , 48 hr for f ermentat ion , and 8 hr for d is t illat ion and 
cleanup . Product ion of alcohol within these t ime constra int s allows for 
approximat ely 7 . 5 tanks full of mash to be proc es sed per week o f  operat­
ion . This assumes that the tanks are loaded , f erment ed , and dist il led in 
a s tagger ed fashion . 
( 4 )  Amount o f  corn used p er tank : In order to achieve an alcohol content o f  
1 0% in the beer , the following rat io of corn to mash is needed : 
1 2 . 8 9 bu o f  corn 
3 3 1 . 6  gal o f  mash 
Thus , for each 1 , 3 62-gal tank of mash , the amount of corn required 
equal s :  
12 . 8 9 bu o f  corn 
331 . 6  gal o f  mash 
X = 5 2 . 9  bu o f  corn 
x 
1 , 3 6 2  gal o f  mash 
( 5 )  Days of operat ion : Plant A is as sumed to opera t e  2 4  hr per day fo r 4 5  
weeks o f  the year . S even weeks are allowed for downt ime , due t o  main­
t enance and r epair , vacat ion t ime for p er sonnel , etc . 
( 6 )  Annual output of 185 proof alcohol : SDSU exper imental data gathered 
during 1981 showed that each bushel of corn produced an average o f  2 . 3 6 
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gallons o f  185 proof alcoho l . However , consultat ion with the agricul­
tural engineering and microbiology researcher s running the p lant in­
d icated that approximately 9% o f  the alcoho l  yield was lo st due to  
interrup t ions and variat ions in the product ion proc ess required for 
experimental purpo ses . Therefore , 2 . 36 gal o f  185  proof alcoho l  per 
bushel o f  corn represent s ,  in the j udgment o f  the eng ineering and micro­
b iology researchers at SDSU , only approximately 91% of the ac tual alcohol 
yield . The ac tual p er bushel yield is  therefore e s t imated to be approxi­
mately 2 . 6  gal of 185 proof non-denatured alcohol . Thus , the total 
annual non-denatured alcohol produc t ion o f  p lant A is  calculated as 
follows : ( 5 2 . 9  bu of corn / f ermentat ion tank) ( 7 . 5  tanks proces sed/week) 
( 2 . 6  gallons of 185  proof alcohol/bu of corn) ( 4 5  weeks / yr )  = 4 6 , 4 2 0  gal . 
( 7 )  Denaturant : Reference wa s made in Annex B to a Bureau o f  Alcohol , 
Tobacco , and Firearms requirement that at least 5 gal o f  gasoline b e  
added to each 1 00 g a l  o f  alcohol ( if gasoline is used as the denaturant ) .  
This minimum amount o f  ga so l ine would represent 4 . 7 6% of plant fuel 
output (5 + 1 05 ) . The analysis in this bulletin wa s based on the assump­
t ion that 5% of the fuel output is made up o f  gasoline , i . e . , that 5 gal 
of gaso line denaturant are added to  each 95  gal of alcohol . Thus , the 
amount of d enaturant added to the alcohol produced in plant A is  cal­
culated as fo llows--
(a)  . 95 X = 4 6 , 4 2 0  gal o f  185 proof alcohol pro duced annually 
( b )  x = 4 6 , 4 2 0  
. 95 
48 , 8 63 gal o f  185 proo f alcoho l  plus denaturant 
produced annually 
( c )  4 8 , 863  gal o f  fuel - 4 6 , 4 2 0  gal o f  1 8 5  proo f alcoho l  
2 , 4 43 gal o f  ga so l ine added yearly a s  denaturant . 
( 8 )  To tal annual denatured 18 5 proof alcoho l  fuel outpu t : To tal annual 
output of denatured 185  proof alcohol equal s : 4 6 , 4 2 0  gal o f  185 proo f 
alcoho l + 2 , 44 3  gal o f  gasoline = 4 8 , 863 gal of fuel . 
II . P lant B E s t imat es o f  1 8 5  Proo f Alcohol Produc t ion 
As in t he case of p lant A ,  there were several as sumpt ions that needed to 
be made about plant B concerning fac tors af fec t ing annual alcohol produc t ion . 
( 1 )  F ermentat ion capac ity : The limit ing factor in the annual pro duct ion o f  
1 8 5  proof alcohol in plant B is d i s t illat ion capac i ty . The dist illa t ion 
column is capab le of dist illing 22 gal of 185 proo f a lcohol p er hour . 
In order for the dist illat ion column to operate at full capac ity , four 
f ermenta t ion/ cook tanks are needed , with each tank ho ld ing a vo lume o f  
5 , 500 gal--for a to tal o f  2 2 , 000 gal . These tanks are assumed 
f illed to the 9 5% level , thu s  allowing for a fermentat ion capac ity o f  
5 , 2 2 5  g a l  o f  mash i n  each tank . To tal fermentat ion capac ity f o r  all 
four tanks is  therefore 2 0 , 900  gal of mash . 
( 2 )  Alcohol content o f  beer : The goal o f  the p lant is  to make beer with a 
1 0% alcohol content . 
( 3 )  L ength of t ime for the product ion proces s : Each tank in p lant B is  
assumed to take 4 days to complet e the product ion pro ces s ;  this 
includes 15 hr for load ing and cooking , 5 7  hr for f ermentat ion , and 
24 hr for dist illat ion . Start ing the four tanks through the 4-day 
product ion process in a staggered fashion would allow one tank to b eg in 
dist illat ion j ust as another is f inishing , in a cont inuous cycle . 
There are some differences f rom plant A in t ime allowed for each 
component of the produc t ion process in plant B .  Because the fermentat ion 
tanks in p lant B are larger than those  in plant A ,  it is as sumed that it 
requires 3 more hours per tank for load ing and cooking the mash . 
The mash in p lant B ' s tanks is assumed to f erment 5 7  hr ( compared 
to  48 hr in plant A) , even though 48 hr ' of f ermentat ion would be 
suff ic ient . The reason for this is that as each tank is started through 
the 4-day produc t ion proc e s s  in a staggered fashion , the d is t illat ion 
column will be kept running at full capac ity . However , in the 3 days 
before each tank b egins d is t illat ion , there are 9 hr in which the 
f ermentat ion tank could be lef t idle . Instead of leaving the tank sit  
empty , 9 extra hr of f ermentat ion t ime have been as sumed . 
The 4-day produc t ion proce s s  also allows for a regular schedule for 
s tart ing and s topp ing operat ions for each tank . This makes it eas ier to 
s chedule work shi f t s  and to handle the f low o f  input s  and outpu t s  in 
g eneral . 
In p lant A ,  there was some t ime allowed for c lean-up dut ies ; none 
was allowed in plant B .  The as sumpt ion is that the cont inuoup batch 
process  of plant B requires less t ime in the dist illat ion s tage b ecause 
the column is not periodically shut down and started up aga in , as in 
plant A .  I t  i s  as sumed that there is  no needed cleaning before the next bat ch . 
Also , no t ime is  required to adj ust  the dist illat ion co lumn to it s 
o p t imum operat ing l evel in plant B .  
( 4 )  Amount of corn used per tank : In order to achieve an alcohol cont ent of 
1 0% in the beer , the following rat io of corn to mash is n�eded : 
12 . 8 9 bu o f  corn 
33 1 . 6  gal of mash 
Thus , for each 5 , 2 2 5-gal tank of mash , the amount of corn required 
equal s : 
12 . 8 9 bu o f  corn 
3 3 1 . 6  gal of mash 
X = 2 03 . 1  bu of corn 
x 
5 , 2 2 5  gal of mash 
( 5 )  Days of operat ion : P lant B i s  as sumed to operate 24  hr p er day for 4 5  
weeks o f  the year . S even weeks are allowed for downt ime ,  due to main­
t enance and repair , vacat ion t ime for per sonnel , etc . 
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( 6 )  Annual output o f  185 proo f alcohol : 
d is t illat ion co lumn to run 24  hr p er 
proof alcoho l p er hour , for 4 5  weeks 
output is  calculated as follows : ( 2 2  
hr/day) ( 7  days /week) ( 4 5  weeks/ year) 
proo f alcohol . 
Plant B is structured to allow the 
day at the rat e of 22 gal of 185  
o f  the year . Therefore , annual 
gal o f  185 proof alcohol /hr) ( 2 4  
= 1 6 6 , 32 0  gallons o f  undenatured 185 
( 7 )  Denaturant : The denaturant requirement is computed for p lant B in the 
same way as for p lant A .  For p lant B ,  the calculat ion is as fo llows--
(a)  . 95 X = 1 6 6 , 3 2 0  gal o f  185 proof alcoho l  produc ed annually 
(b) x = 1 6 6 , 3 2 0  
. 95 
1 7 5 , 074 gal o f  185 proof alcohol p lus denaturant 
produc ed annually 
( c ) 1 7 5 , 074 gal o f  fuel - 1 6 6 , 3 2 0  gal of 185 proo f alcohol 
8 , 7 5 4  gal o f  gaso l ine added yearly as denaturant . 
( 8 )  To tal annual denatured 1 8 5  proof alcohol fuel output : To tal annual 
output of denatured 185 proof alcoho l  equals : 1 6 6 , 32 0  gal o f  185 
p roof alcohol + 8 , 754 gal o f  gasol ine = 1 7 5 , 074 gal o f  fuel . 
ANNEX D 
Exp lanat ion o f  Byproduc t Quant ity E s t imates  
E s t imat es of byproduc t ( d i s t iller s wet grains)  quant it ies produced in 
plant s A and B were f irst  est imated from 1981  SDSU experimental data . The 
data showed that for every bushel of corn u sed in the produc t ion of 185 proo f 
alcoho l ,  3 8 . 5  lb of 7 0% mo isture d is t iller s  wet grains (DWG) l wa s produc ed . 
However , researcher s operat ing the SDSU alcoho l  plant indicated that approxi­
mately 9% of the DWG was lost  due to int errupt ions in the product ion process  
required for  exp er imental purpo ses . Therefore , 3 8 . 5  lb  of DWG p er bushel of  
corn is  assumed to represent only 91%  of the actual output o f  DWG . The actual 
amount of DWG produced per bushel of corn is ·therefore approximately 4 2 . 4  lb . 
E s t imates o f  annual product ion of DWG for p lant s A and B are thus based 
on the corn used in each p lant . For p lant A ,  the annual product ion of DWG is 
calculated as follows : ( 4 2 . 4  lb of DWG/bu of corn) ( 5 2 . 9  bu o f  corn / 1 , 3 6 2 -gal 
tank ful l of mash) ( 7 . 5  tank full s /week) (45  weeks of operat ion/year) = 7 5 6 , 9 9 9  
l b  o f  DWG/yr , o r  about 3 7 8  tons of DWG . 
For p lant B ,  the annual produc t ion of DWG is  calculated a s  follows : ( 42 . 4  
lb o f  DWG/bu o f  corn) ( 2 03 . l  bu / corn/ 5 , 2 2 5-gal tank full of mash) ( 4  tank 
fulls / 4  days) ( 315  operat ing days ) =  2 , 712 , 604 lb o f  DWG/yr , 
4-day product ion cycle 
or about 1 , 3 5 6  tons of DWG . 
1The DWG produced in the 1 98 1  experiment s contained 7 0% mo isture af t er being 
run through a centr ifuge . 
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ANNEX E 
!Xplanat ion of Byproduc t Value E s t imates 
The prices o f  f eeds used in dairy t r ial rat ions were drawn from a number 
of different sourc es . This annex l i s t s  the feeds and explains the process 
through which the dist illers wet grain (DWG) wa s assigned a value . 
( 1) Ground corn : The price of corn was a ssumed to be the same as the price 
paid by the alcohol plant for corn u sed in alcohol product ion . That 
price was $ 2 . 5 0/bu . An addit ional charge o f  $ . 09 /bu was added to the 
corn price for gr inding and mixing . The co s t  of mixing and gr ind ing was 
taken f rom Rates  Paid f or Custom Work in South Dako ta , by Ron Thaden and 
Wal lace G .  Aanderud , SDSU Extension C ircular 663 , 1 98 0 .  
( 2 )  Ground oat s : The pric e  o f  oat s was assumed t o  b e  the local price in mid-
1 98 1 . This amounted to $ 1 . 8 5 /bu , plus $ . 05/bu for gr inding and mixing . 
The price quo te for oat s was from S exauer ' s  in Brooking s ,  SD , and 
the co s t  o f  mixing and gr inding was f rom Rat e s  Paid for Custom Work in 
S outh Dakota , by Ron Thaden and Wallace G .  Aanderud . 
( 3 ) Soybean meal : The pr ice of soybean meal is for bulk , 47% pro t e in meal , 
deliv ered . Pr ice quotat ions were f rom several local grain elevator s for 
44% pro t e in soybean meal in mid-1981 . Thes e  pr ic e es t imates ranged from 
$ 21 5 / ton to $ 2 5 0 / ton , d ep end ing on the quant ity purchas ed and the t ime o f  
year . A price of $ 2 3 5 / ton wa s subj ec t ively selec t ed as a "mid-range" 
p r ice . S ince the rat ion used 47% prot e in soybean meal , the price was 
raised to  $ 24 0/ ton to  make some allowance for a higher pr ic e  on the 
higher p ro t e in soyb ean meal . 
( 4 )  Oat s s traw : The price of oat s s traw was arrived at through consultat ion 
with p er sonnel in dairy sc ience , animal sc ience , and Extens ion economic s 
at SDSU . I t  was generally agreed that the pr ic e of oat s straw is between 
3 0% and 4 0% o f  the price of alfalfa hay . Oat s straw was thus priced at 
$ 3 0 / ton ,  which is 3 7�% of the assumed 1981  pr ic e  of alfalfa . 
( 5 )  L imestone : The price o f  l imestone is $4 . 5 0 / cwt . Thi s pr ice quo t a t ion 
was received from the Farmer ' s  Coop in Brooking s , SD . 
( 6 )  Wat er : The price of wat er is as sumed to be the same as wat er used for 
alcohol product ion in p lant A;  that is  $ 1 . 6 0 / 1 , 000 gal . That wat er price 
is  based on wat er rat es f rom the Big S ioux Rural Water Sys t em ,  Brooking s , 
SD . 
( 7 )  Dicalcium phospha t e : The p r ic e  of d icalcium phospha t e  is $ 9 . 5 0 / 5 0  lb . 
This price quotat ion was receiv ed from the Farmer ' s  Coop in Brooking s , 
SD . 
( 8 )  Trace mineral salt : The price of trace mineral sal t is $ 7 . 00/ cwt . This 
p r ic e  quotat ion was rec e ived from the Farmer ' s  Coop in Brooking s , SD . 
( 9 )  Corn S ilage : The p r ice o f  corn s ilage was as sumed to b e  the average 
b etween that used for 1980  and 1981 year-end inventories . This is equal 
to $ 1 7 . 5 0 / ton , on a wet bas is . The prices for inventories were provided 
by Herb Allen , SDSU economic s p rofessor . The average o f  these year-end 
prices is int ended to represent a "mid- 1981" pric e . 
( 10) Alfalfa Hay : The price o f  alfalfa hay wa s determined through consul­
t a t ion with farm management economis t s  and from price data listed for 
1980 and 1981 year-end inventories . The result was an as sumed "mid-1981" 
p r ice of $ 8 0 / ton . 
( 1 1) DWG : The value o f  DWG was determined by subtract ing the co s t  o f  the 
experimental rat ions , exclus ive of DWG , from the cost of the contro l 
rat ions in both dairy heifer and da iry ·cow trials run by SDSU Dairy 
S c ience Department researcher s .  The difference was the value ass igned to  
the DWG . 
In the dairy heifer trial s , the sub s t itut ion value o f  the DWG was 
found to be $ 6 5 . 8 5 / ton . The DWG wa s sub s t ituted for soyb ean meal and 
some corn and oat s .  
From the $ 6 5 . 8 5 / ton , $ 1 2 . 6 0 / ton wa s sub tract ed t o  account for the 
cost  of propionic acid , which is  added to DWG to extend the t ime· it can 
b e  s tored without spo ilage and mold growth .  This reduced the value o f  
the DWG in da iry he ifer rat ions t o  $ 5 3 . 2 5 / ton .  
In the lac tat ing dairy cow trial s , the 
was found to be only $ 4 6 . 1 5 / ton .  Her e ,  the 
meal and some corn , oat s ,  and corn silage . 
for prop ionic acid was subtrac ted , reduc ing 
dairy cow rat ions to $ 3 3 . 5 5 / ton .  
sub s t itut ion value of the DWG 
DWG sub st ituted for soybean 
Again , the $ 12 . 6 0 / ton co s t  
the value o f  DWG in lac tating 
The average of tho s e  two values--43 . 40 / t on--was used to e s tab lish 
the value for DWG in this s tudy . From the $ 4 3 . 4 0 ,  a d is count for 
handl ing and transportat ion was applied . This d iscount was as sumed to be 
10% ,  which is the same as the discount applied in Preliminary Co s t  
E s t imates--Produc ing Alcohol Fuel From A Small S cale Plant , b y  Hutchinson 
and Dobbs , SDSU Agr icultural Experiment S tat ion C ircular 2 3 3 , 1 98 0 .  It  
i s  felt that this d i scount might even be too little , given the incon­
venienc e of handl ing high mo isture DWG , compared to dried f eeds , and 
g iven the pos sibility of sub stant ial transportat ion co s t s . 1 
The net value o f  the DWG thus arrived at was a s  follows : 
$ 4 3 . 4 0 / ton - 1 0% ( 4 3 . 4 0) = approximately $ 3 9 / ton 
1For preliminary e s t imat es o f  f eed byproduc t transportat ion co s t s ,  see 
Framework for Examining the Economic Fea s ib il ity o f  Small S cale Alcohol 
Plant s ,  by Dobb s , Hoffman , and Lundeen ,  SDSU Economic s Department S taff 
Paper No . 8 1-3 , Augus t  1 9 81 . 
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The net value o f  the DWG on a p er gallon o f  denatured 185  proof 
alcohol basis i s  equal to : 
( 1) for plant A 
( 3 7 8  tons o f  DWG) ( $3 9 / ton) 
4 8 , 8 63 gal of d enatured 185  
proof alcohol 
( 2 )  for p lant B 
( 1 , 35 6  tons o f  DWG) ( $3 9 / ton) 
1 7 5 , 074 gal o f  denatured 18 5 
proof alcohol 
== $ . 3 02 /gal 
$ . 3 02 /gal 
More details on rat ion composit ions and co s t s  of f eeds will be found 
in a Mas t er ' s  thesis  being wr itt en by Daryl Brehm , a graduate research 
a s s is tant in economic s at South Dakota S tate Univer sity . 
( 1 2 )  Prop ionic ac id : A prop ionic ac id-based preservat ive i s  as sumed added to  
the DWG to  extend the t ime which DWG can be s tored without 
spo ilag e  and mold growth . The produc t is mad e  up of 7 0% prop ionic ac id 
and 3 0% ace t ic a c id . It is mixed with the DWG in und ilut ed form at a 
rat io o f  . 7% preservat ive to  9 9 . 3% DWG , weight-to-weight . I t  is here 
assumed that this allows for safe storage of DWG for about 2 weeks . 
This part icular preservat ive has been used by SDSU Dairy S cience 
Department r esearcher s to preserve DWG used in feed ing t r ials . The 
rat io of preservat ive to DWG c it ed above represen t s  the smallest amount 
o f  propionic ac id that has been added to DWG ; it result ed in DWG that was 
preserved in qual ity for a reasonable length o f  t ime .  However , it is 
p o s s ible that smaller amount s o f  prop ionic ac id could be added to the DWG 
tha t  would also prevent spo ilage for a reasonable length of t ime .  
The co s t  of this preservat ive is est imated to be $ . 9 0 / lb , including 
freight . This est imat e  was provided by Kemin Industrie s  o f  Des Moines , 
IA.  
• 
ANNEX F 
Met ric Mea surement Conver sions 
Contained here are c er ta in conver s ions of Engl ish to metr ic measurement 
uni t s .  Thes e  convers ions will b e  of use to individual s  wishing to  d e termine 
and state inpu t s , outpu t s , or cos t s  found in this report in metric uni ts .  
Symbol When You Know Mult iElY By To F ind Symbol 
MASS (WGT) 
o z  ounces 2 8 . 0  grams g 
lb pounds 0 . 4 5 kilograms kg 
short tons 0 . 9 tonne s  t 
( 2 , 000 lb) 
long tons 1 . 01 tonnes t 
( 2 , 2 4 0  lb ) 
g grams 0 . 03 5  ounce oz  
kg kilograms 2 . 2  pounds lb 
t tonnes 1 . 1  short tons 
( 1 , 000 kg) 
t tonnes 0 . 98 long tons 
( 1 , 000 kg ) 
VOLUME 
t sp t easpoons 5 . 0  mill iliters ml 
tbsp tab lespoons 1 5 . 0  milliliters ml 
f l  o z  f lu id ounce s  3 0 . 0 milliliters ml 
c cup s 0 . 24 l i t er s  1 
p t  p int s 0 . 4 7 l it er s  1 
qt  quarts 0 . 95  l iters 1 
gal gallons (U . S . ) 3 . 8  l it er s  1 
ga1 gal lons ( Imp ) 4 . 5  liter s  1 f t3 cub ic f ee t  0 . 028 cub ic meters m3 yd cub ic yards 0 . 7 6  cub ic meters m3 
ml milliliter s  0 . 03 f luid ounces fl 
1 l it ers 2 . 1  p int s p t  
1 liter s  1 .  0 6  quart s  qt  
1 liter s  0 . 2 6 gallons ( U . S . )  gal 
1 l it er s  0 . 2 2 gallons ( Imp ) gal 
m3 cubic met er s  3 5 . 0  cubic f ee t  f t3 
m3 cub ic met er s  1 . 3  cub ic yards yd3 
oz  
( U . S . )  
( Imp) 
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